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ABSTRACT
FROM 120 SITES IN NINE DIFFERENT
COUNTIES IN ILLINOIS, SOIL SAMPLES WERE
OBTAINED WITH AN AUGER FROM THE A, B
AND C HORIZONS OF TEN SOIL TYPES OF THE
HUMIC-GLEY GREAT SOIL GROUP. THESE
SAMPLES WERE SUBJECTED TO CLASSIFICA-
TION TESTS. ON THE BASIS OF STATISTI-
CAL ANALYSIS OF SIX INDEX PROPERTIES
(LIQUID LIMIT, PLASTICITY INDEX, PER-
CENTAGES PASSING SIEVE NOS. 20, 40 AND
200, AND PER CENT CLAY < 2p), IT HAS
BEEN FOUND THAT THE VARIABILITY OF EACH
SOIL TYPE DEPENDS ON NOT ONLY THE CHAR-
ACTER OF THE PARENT MATERIAL BUT ALSO
THE PROFILE CHARACTERISTICS DEFINED BY
THE PEDOLOGISTS. FURTHERMORE, FROM THE
ENGINEERING STANDPOINT, THESE SOIL
TYPES CAN NOT BE GROUPED TOGETHER BY
USING THE GEOLOGICAL ORIGIN OF THE
PARENT MATERIAL ALONE; THEY CAN, HOW-
EVER, BE GROUPED TOGETHER BY THE CHAR-
ACTER OF PARENT MATERIAL.
THE GRAIN SIZE TEST RESULTS OB-
TAINED BY SIEVE AND HYDROMETER ANALYSES
INDICATE THAT APPROXIMATELY 60% OF THE
SAMPLES TESTED HAVE THE MODAL TEXTURE
OF THE TYPICAL SOIL TYPES ACCORDING TO
THE UNITED STATES DEPARTMENT OF AGRI-
CULTURE TEXTURAL SOIL CLASSIFICATION
SYSTEM.
THIS STUDY HAS POINTED OUT THE
IMPORTANCE OF A KNOWLEDGE OF PEDOLOGY
TO SOILS ENGINEERS, PARTICULARLY THOSE
WHO ARE CONCERNED WITH DESIGN OF TRANS-
PORTATION FACILITIES.
THIS INVESTIGATION HAS ALSO RE-
VEALED HOW STATISTICS MAY BE USED IN
THE STUDY OF NATURAL SOIL DEPOSITS AND
SOILS RESEARCH.
ACKNOWLEDGMENTS
This report was prepared as a part of the research under
the Illinois Cooperative Highway Research Program, Project
IHR-12, "Soil Exploration and Mapping." The project is being
carried on in the Department of Civil Engineering of the Uni-
versity of Illinois, in cooperation with the Illinois Division
of Highways and the Bureau of Public Roads, U. S. Department
of Commerce.
The program of investigation has been guided by a Project
Advisory Committee consisting of the following members:
Representing the Illinois Division of Highways
Miles E. Byers, Soils Engineer, Bureau of Materials,
W. E. Chastain, Sr., Engineer of Research and Development,
now deceased,
C. P. Mathy, Assistant District Engineer of Materials,
District 7.
Representing the Bureau of Public Roads
P. C. Smith, Chief, Soils, Foundations, and Flexible
Pavements Branch,
H. J. Stahl, Engineer.
Representing the University of Illinois
Russell T. Odell, Professor of Soil Pedology,
Ralph B. Peck, Professor of Foundation Engineering,
Thomas H. Thornburn, Professor of Civil Engineering.
Representing the Illinois State Geological Survey
George E. Ekblaw, Geologist.
Representing the U.S.D.A., Soil Conservation Service
L. E. Tyler, State Soil Scientist.
The direct supervision and technical direction of this
investigation were provided by Thomas H. Thornburn, Project
Supervisor and Thomas K. Liu, Project Investigator.
Significant portions of the basic statistical concepts
and methods contained herein were summarized from The Design
and Analysis of Biological Experiments (1 ) by W. C. Jacob
Superscript numbers in parenthesis refer 
to the References C ited.
and R. D. Seif. The authors are grateful to Dr. Walter C.
Jacob, Professor of Biometry and Data Processing, University
of Illinois, for his helpful suggestions in statistics.
Appreciation is also expressed to Dr. Samuel G. Carmer,
Assistant Professor of Biometry, University of Illinois,
for his assistance on the statistical analysis.
Acknowledgment is accorded to Dr. Russell T. Odell,
Professor of Soil Pedology, University of Illinois, for
his assistance in selecting the soil types to be included
in this investigation.
Appreciation is also due many co-workers, especially
to Mr. Elza E. Rice, who have assisted in the field sampling,
laboratory testing, and compilation of test data.
The authors wish to thank Mrs. Mary Ann Speck, who has
ably and patiently typed and retyped the manuscript.
This bulletin is based on a doctoral dissertation
written by Thomas K. Liu under the direction of Professor
Thomas H. Thornburn.
CONTENTS
I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . 1
II. SURFACE GEOLOGY OF ILLINOIS . . . . . . . . . . . . . 3
III. PEDOLOGICAL CHARACTERISTICS OF HUMIC-GLEY SOILS . . . 5
IV. SAMPLING AND TESTING PROGRAM . . . . . . . . . . . . . 7
V. STATISTICAL METHODS USED IN THIS INVESTIGATION . . . 10
VI. DISCUSSION OF TEST RESULTS AND STATISTICAL
ANALYSES . . . . . . . . . . . . . . . . . . . . . . . 28
VII. CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . 42
VIII. REFERENCES CITED . . . . . . . . . . . . . . . . . . . 44
IX. APPENDICES
1. PEDOLOGICAL PROFILE DESCRIPTION AND
EXPECTED ENGINEERING PROPERTIES AND
CLASSIFICATION . . . . . . . . . . . . . . . . . . 45
2. TEST DATA SUMMARY SHEETS . . . . . . . . . . . . . 56
3. SUMMARY OF STATISTICAL DATA ON INDEX
PROPERTIES . . . . . . . . . . . . . . . . . . . . 81
I. INTRODUCTION
One of the recent significant improvements
for conducting and reporting an engineering
soil survey for transportation facilities has
been the incorporation and adoption of the
pedological soil classification system.
Pedology is the branch of natural science that
deals with the nature of surface soils and the
laws governing their origin, formation, and
distribution. A general discussion of pedology
for engineers can be found in Surface Deposits
of IZZllinois. (2) Because agricultural soil
scientists have developed this branch of
science very intensively, a vast amount of
information concerning surface soils has been
collected for agricultural purposes. However,
this valuable source of information has been
generally neglected by soils engineers until
recently. Several state highway departments
(Michigan, Missouri, Indiana, Wisconsin, and
others) have successfully used the pedological
system in connection with highway soil surveys.
Experience with pavement construction
in Illinois has indicated that soil types of
the Humic-Gley great soil group have presented
the engineers with some very difficult subgrade
problems. These Humic-Gley soils are an impor-
tant group of soils in Illinois. They cover
more than 50% of the area of Livingston and
Iroquois Counties and more than 25% of the
area of several others. In general, the Humic-
Gley soils occupy depressional or nearly level
topography, predominantly in prairie regions.
They usually have developed under swamp grass
vegetation and poor to very poor natural
drainage. These factors have led to the develop-
ment of a highly organic and dark colored A
horizon. During spring and early summer, the
water table of Humic-Gley soil areas is at or
near the surface, and during rainy seasons
free water may stand in these depressions for
several days.
The main objective of this study was to
investigate the engineering index properties
of Humic-Gley soils in Illinois by sampling and
testing the more commonly encountered soil
types of this great soil group. The test re-
sults were then analyzed by various statistical
methods to study the variation in engineering
index properties of these soils and also to
determine whether the Humic-Gley woils can be
treated as an engineering entity.
This report first presents a brief sum-
mary of the surface geology of Illinois, which
is followed by a discussion of the pedological
characteristics of Humic-Gley soils. Chapter
IV outlines the basis for selecting sampling
sites and the sampling and testing procedures
employed in this investigation. From 120 sites
in nine different counties in Illinois soil
samples were obtained with an auger from the
A, B, and C horizons of ten soil types of the
Humic-Gley great soil group. Various soil
tests were then performed on these soil samples
and the test results were analyzed and sum-
marized.
Most natural soil deposits are almost
infinitely variable in both horizontal and
vertical directions. This simple fact makes
it necessary to use a statistical approach to
study the properties of earth materials. Thus,
various statistical methods are utilized to
study the variability of the engineering in-
dex properties of each soil type being inves-
tigated, to compare one soil type to another,
and to group together soil types with similar
engineering index properties. Since not all
soils engineers are well versed in statistics,
Chapter V contains a brief introduction to the
fundamental concepts of statistics and the
basic principles of various statistical methods
used in this investigation. Numerous examples
using the test data are included to illustrate
the applications of these statistical methods.
Thorough and detailed explanations of various
aspects of statistics can be found in many
textbooks. ( 3 ,4) Chapter VI presents the
results of analyzing the test data of each
individual soil type, as well as the Humic-
Gley soils as a whole, by combining the test
data of all ten soil types. Six index proper-
ties (liquid limit, plasticity index, per-
centages passing sieve Nos. 10, 40, and 200,
and per cent clay < 2u) determined on the
soil samples have been used as the basis of
analysis. Finally, the major conclusions of
this investigation are summarized in Chapter
VII.
All ten soil types included in this in-
vestigation are described in Plates, Appendix
1, which show their profile characteristics
and expected engineering properties and classi-
fication derived from the test results. The
test data of the individual soil samples and
statistical data on index properties are con-
tained in Appendices 2 and 3, respectively.
II. SURFACE GEOLOGY OF ILLINOIS
Most of the surface materials of Illinois
were laid down during the glacial epoch, re-
ferred to geologically as the Pleistocene.
During that period, large masses of moving ice
covered the major portion of the state. When-
ever the average air temperature was high
enough to cause the rate of melting of the ice
front to equal the rate of ice advance, the
forward movement of the ice front was halted,
and if melting exceeded advance, the ice front
retreated. The first masses of ice began to
form in North America approximately one million
years ago and the last masses of ice retreated
completely from Illinois about 10,000 years
ago.(5) Geological evidence indicates that in
North America there were four principal stages
of glaciation as a result of major advances
and complete retreats of glacial ice. These
four stages are named, in chronological order,
Nebraskan, Kansan, Illinoian and Wisconsinan.
In addition, within a single glacial stage, the
ice sometimes retreated for a considerable
distance, and then readvanced.
The activities of glaciers have resulted
in the deposition of a layer of unconsolidated
material, varying in thickness from several
hundred feet to a few inches, commonly referred
to as glacial drift. On the basis of the meth-
od of deposition, glacial drift can be divided
into two major groups: (1) glacial till,
which is composed of the materials transported
by the glacier and which was deposited directly
from it as it advanced or retreated; (2) glacio-
aqueous deposits, which are the portion of
materials carried in the ice and which were
subsequently transported and deposited by
streams of meltwater flowing within or in
front of the melting glacier.
The surface materials of the northeastern
third of the state are Wisconsinan deposits.
Illinoian deposits cover a major portion of
the remaining two-thirds. Almost all Kansan
and Nebraskan deposits were either covered or
completely removed by ice movements during the
Illinoian stage of glaciation.
A large part of the state is covered by
deposits of wind-blown silt or loess, which
are thickest on the major river bluffs. In
general, the loess thins eastward; however, be-
low the Big Bend of the Illinois River, it also
thins westward for a few miles. Geological
evidence indicates that these materials were
laid down in association with the deposits of
Wisconsinan age. Even though the glacial ice
did not come directly into the western and
southern part of the state during the Wis-
consinan stage, meltwater from Wisconsinan ice
flowed down the Mississippi, Illinois, and
Wabash river valleys. The loessial materials,
which are believed to have been derived pri-
marily from these meltwater deposits, blanket
the Illinoian glacial deposits to varying depths
throughout most of their area of extent.
Outcrops of bedrock are most common in
northwestern, western, and southern Illinois,
but even in these areas the uplands are gen-
erally mantled by loess.
Figure 1 shows the maximum extent of the
principal stages of glaciation and the approxi-
mate depth of loess on uneroded topography
throughout the state. In addition, the sam-
pling sites chosen in connection with this
investigation are shown. The surface geology
of Illinois and the general character of sur-
face deposits have been discussed more thor-
oughly by Thornburn.(2)
III. PEDOLOGICAL CHARACTERISTICS OF HUMIC-GLEY SOILS
Humic-Gley (or Humic-Glei) soils are one
of the great soil groups and are defined
pedologically as a "group of poorly to very
poorly drained hydromorphic soils with dark-
colored organic-mineral horizons of moderate
thickness underlain by mineral glei hori-
zons."(6) These soils "occur naturally under
either swamp-forest or herbaceous marsh vege-
tation mostly in humid and sub-humid climates
of greatly varying thermal efficiency."(6)
The profile of soil weathering as evidenced
by the characteristics of the A, B, C, and
other horizons is dependent upon five soil
forming factors which pedologists list as cli-
mate, time, topography, vegetation, and parent
material. The pedological characteristics of
the Humic-Gley soils in Illinois will be dis-
cussed in accordance with these five factors:
(1) Climate. Humic-Gley soils occur
mostly in humid and sub-humid climates of vary-
ing temperature conditions. However, many
other great soil groups have also developed
in the same climatic situation. In other words,
climate is not a major factor to differentiate
the Humic-Gley soils from other adjacent soils.
When viewed in a broad perspective, the climatic
conditions throughout the state of Illinois are
relatively uniform. It can be seen from
Figure 1 that all the sampling sites of this
investigation are located approximately within
the middle half of the state. Thus, it is
reasonable to make a general statement that
all of the surface soils within this relatively
confined area have been exposed to essentially
similar climatic conditions.
(2) Time. It has been pointed out in
the previous chapter that the Wisconsinan drift
covers the northeastern third of the state, while
the Illinoian and older drifts are found in
southern and western Illinois. The difference
in age between these two groups of deposits is
more than 200,000 years. Therefore, in Illinois
a marked difference exists in the length of
time to which the various glacial deposits have
been exposed to weathering. Extensive areas
of Humic-Gley soils have developed on various
deposits of Wisconsinan age. Even though about
half of the sampling sites as shown in Figure
1 are found outside of the outer limit of the
Wisconsinan ice advance, these sites are actu-
ally located in either the loessial or terrace
materials of Wisconsinan age which overlie the
Illinoian or older drifts. In other words, the
Illinoian and older drifts have exerted only
minor influence on the development of Humic-
Gley soils in Illinois. Thus, the surficial
soils in the areas outside the Wisconsinan till
area have been developing for approximately the
same length of time as those within the
Wisconsinan till area.
(3) Topography. The topographic position
controls to a large extent the amount of free
water which is allowed to percolate downward
through the soil and, in turn, it determines
the degree of weathering and leaching of min-
erals within the soil in a given time interval.
Humic-Gley soils occupy nearly level or de-
pressed topographic positions which usually
have less than 1% slopes. This topographic
environment is poorly drained to very poorly
drained. Thus, under natural conditions,
Humic-Gley soil areas have a permanent water
table at or near the ground surface. The
areas of steeper slopes surrounding Humic-Gley
soils are occupied by soils of other great
soil groups.
(4) Vegetation. The amount of organic
matter in the surface soils, which determines
the soil color and affects its suitability as
subgrade of fill material, is controlled by
the type of natural vegetation which was
established under the prevailing environmental
conditions. On account of the natural topo-
graphic environment of Humic-Gley soils,
growth conditions were favorable for various
wet-prairie and marsh plants which produced
large accumulations of organic matter. The
water table was not above the mineral soil
surface long enough for peat to accumulate
nor did it seasonably recede to such depths
that oxidation of organic matter was acceler-
ated. In the meantime, the moisture conditions
were such that oxidation of the mineral com-
pounds or leaching of bases and other soil
weathering processes proceeded at a very slow
rate. (7 ) These conditions led to the develop-
ment of a very dark colored A horizon with a
high organic content. The A horizon is under-
lain by an olive-gray (gleyed) B horizon which
is often, but not necessarily, fine-textured
and plastic. Because of the high organic con-
tent of the A horizon, the Humic-Gley soils
are very fertile for plant growth. Thus,
many areas of these soils have been drained
and brought under cultivation in recent years.
(5) Parent Material. The character of
the original geologic material determines to a
large extent the characteristics of the surface
soil which has been developed from relatively
young deposits. In Illinois, the parent ma-
terials of Humic-Gley soils include glacial
till, glacio-aqueous, loessial, and terrace ma-
terials of Wisconsinan age.
As discussed in the previous paragraphs,
the Humic-Gley soils studied occupy depressed
and flat places of less than 1% slopes in the
prairie regions and they developed from ma-
terials of Wisconsinan age weathered under simi-
lar climatic conditions. Thus, the effects of
topography, vegetation, time, and climate can
be considered as nearly uniform in the develop-
ment of the profile of weathering of these
Humic-Gley soils. Consequently, the major
source of variability of the soils included in
this investigation is parent material. One of
the aims of this investigation is to study from
the engineering point of view the influence of
the parent material on the profile of soil
weathering.
IV. SAMPLING AND TESTING PROGRAM
A. SELECTION OF SOIL TYPES AND SAMPLING SITES
Nine Illinois counties having up-to-date
pedological soil maps were chosen for sampling
purposes. These counties, which are listed in
Table 1, were selected so that sampling errors
due to misjudgement of soil type could be
avoided.
The Humic-Gley soils investigated in this
study are listed in Table 1. These ten soil
types, which are commonly encountered in
Illinois, were chosen to cover a relatively
wide range of parent materials. As shown in
Table 1, the parent material of Virden silty
clay loam, No. 50; Illiopolis silty clay loam,
No. 65; Sable silty clay loam, No. 68; and
Hartsburg silty clay loam, No. 244, is loess
of varying thickness. Rowe silty clay to clay,
No. 230, and Ashkum silty clay loam, No. 232,
formed in glacial drift areas of fine to mod-
erately fine texture. The parent material of
Maumee fine sandy loam, No. 89, and Selma loam,
No. 125, is water-laid sediment of varying
texture. Both the Harpster silty clay loam,
No. 67, and Drummer silty clay loam, No. 152,
which differ only in solum characteristics,
have been mapped over a variety of parent ma-
terials, including local wash over loam till or
outwash and loess over loam till. Pedological
profile descriptions of the ten soil types in-
cluded in this study are shown in Plates 1
through 10 in Appendix 1. The importance of
these soil types is indicated in Table 2. This
table includes only the areas occunied by the
soil types which were sampled in each county
and it does not necessarily include all the areas
occupied by the ten chosen soil types in each
county. For example, soil type No. 152 can also
be found in Iroquois County; since this soil
type was not sampled from this county, its area,
which occupies 8.33% of the total area of the
county, has not been included in the above table.
Thus, these ten soil types occupy about 20% of
the total area of eight counties included in this
investigation. Furthermore, there are other
Humic-Gley soils mapped in Illinois which are
not included in this study. These soils repre-
sent a very important group of soil types with
which the soils engineer must deal.
Several of the ten soil types were found to
be mapped in only two of the nine chosen counties
while other soil types could be sampled from
several counties. In order to avoid excessive
unbalance of the number of sites investigated
among the various soil types, no soil type was
sampled in more than three of the nine counties.
Soil samples were taken from five profile
sites of each chosen soil type in a county.
This number of profile sites was selected on
the basis of conclusions reached in a pilot
study.(8) The pilot study consisted of a sta-
tistical analysis of three index properties
(liquid limit, plasticity index, and per cent
clay < 2u) utilizing test data obtained on
soil samples of A and B horizons of four pedo-
logic soil types developed in loess in DeWitt
County, Illinois. It was concluded that the
sampling and testing of samples from five pro-
file sites of each soil type would define certain
mean physical property values of each soil
type with a reasonable degree of precision.
In this investigation soil samples were ob-
tained from the A, B, and C horizons of each
profile site in contrast to the pilot study
in which only the A and B horizons were sam-
pled and tested.
The five sites which were chosen for in-
vestigation of each soil type in a county were
selected at random, although some caution was
exercised to avoid concentration of sampling
sites in a limited area. The site selection
was made in the office by reference to the
pedological soil survey maps of the nine coun-
ties so that field conditions had no influence
on the choice of sites. In the field, a final
check was made at each site only to make sure
that it met the topography and drainage cri-
teria set forth in the soil type descriptions. (
However, no conscious effort was made to choose
typical or average profiles. In view of this
sampling method, it is felt that the test data
obtained include the random variations of each
soil type as a map unit.
The locations of the sampling sites are
plotted in Figure 1 and a legal description of
each site is given in Appendix 2.
B. FIELD SAMPLING PROGRAM
The soil samples were collected in the
field from April to July, 1960.
In general, the following procedure was
used at each site. A preliminary boring was
made with a 1-in. screw type auger to determine
the thickness of the A and B horizons. The
depths of sampling were then selected on the
basis of this information. Generally, the top
several inches were not sampled because of the
large quantity of plant roots. Neither were
the transitional zones between horizons sampled,
thus eliminating borderline effects. A repre-
sentative soil sample was obtained in each of
the three horizons, designated as A, B, and C,
with a 4-in. post-hole auger and placed in a
cloth bag as shown in Figure 2. Although a B
horizon has not been developed in soil type No,
89, Maumee fine sandy loam, the second horizon
sampled in this soil at depths of approximately
1 1/2 to 3 1/2 feet is designated as a (B) hori-
zon for convenience.
The depths of sampling at each site are
listed in the Test Data Summary Sheets contained
in Appendix 2. It should be pointed out that
no efforts were made during sampling to sub-
divide each major horizon as defined by the
pedologists with exception of soil type No. 89,
Maumee fine sandy loam, as pointed out in the
previous paragraph.
C. LABORATORY TESTING PROGRAM
The laboratory testing program of the soil
samples consisted of the following steps:
(1) The soil sample was first air-dried
and then pulverized and mixed in a Lancaster
PC Mixer.
(2) The entire sample was sieved through
a No. 4 sieve. The portion retained on the
No. 4 sieve was washed, oven-dried, and then
subjected to a coarse sieve analysis.
(3) A 500 g. sample was selected from the
portion passing the No. 4 sieve and sieved
through a No. 10 sieve. The portion retained
on the No. 10 sieve was washed and then its
oven-dried weight was determined.
(4) A hydrometer and a fine sieve analysis
were then performed on a portion of the soil
passing the No. 10 sieve in accordance with the
ASTM Tentative Method of Test for Grain-Size
Analysis of Soils, D422-61T.
(5) Another portion of the soil passing
the No. 10 sieve was sieved through a No. 40
sieve. A sample weighing about 125 g. was then
taken from the material passing the No. 40 sieve.
The liquid limit (LL), plastic limit (PL) and
plasticity index (PI) of the sample were deter-
mined. The liquid limit of the sample was
determined in accordance with the One Point
Method of the AST" Tentative Method of Test
for Liquid Limit of Soils, D423-61T, with the
following exceptions:
(a) Two trials requiring between 17 and 36
drops of the cup to close the groove were
used and moisture contents for the two
trials were determined separately.
(b) The liquid limit for each trial was de-
termined from the chart developed by the
Washington State Highway Department.(1 0 )
The liquid limit of the sample was re-
ported as the average of the two trials.
The plastic limit and plasticity index of
the sample were determined in accordance with
the ASTM Method of Test for Plastic Limit and
Plasticity Index of Soils, D424-59.
(6) Each soil sample tested was classi-
fied according to the AASHO, USDA, and
Unified systems.
The results of soil testing and classifi-
cation are listed in the Test Data Summary
Sheets contained in Appendix 2. The results
of classification are summarized in Tables 3
through 5.
* American Association of State Highway
Officials
( 11)
United States Department of Agriculture(1 2)
Unified Soil Classification System(13)
V. STATISTICAL METHODS USED IN THIS INVESTIGATION
Statistics is one of the most useful tools
available for drawing conclusions or making in-
ferences from a given set of experimental data.
The various methods which can be used are the
processes involved in statistical inference.
In order to utilize statistical methods, some
of the basic concepts of statistics are dis-
cussed so that a common language may be devel-
oped.
One of the basic items used in the process
of inference is known as an observation. For
example, the liquid limit (LL) of 47.7 of sam-
ple No. 25 from the B horizon of soil type No.
230, Rowe silty clay to clay, in Livingston
County is an observation, and its plasticity
index (PI) of 27.7 is also an observation. The
significant characteristic of observations is
that all of them are variable. The fact that
other samples of the B horizon of soil type No.
230 might have a liquid limit other than 47.7
provides the basic concept that this kind of
observation is variable. It varies with the
locations within one county and among different
counties. Usually a single observation is
represented by the symbol X . The subscript
i takes different values, depending on which
observation is being referred to. If it is the
first observation, i is one, if the second,
two, etc. The subscript increases to n and
usually Xn represents the last observation of
the series. Thus, for the liquid limits of the
B horizon of soil type No. 230 in Livingston
County, X1 = 47.7, X2 = 55.8, etc. and Xn = X5
= 43.9.
This series of observations is known sta-
tistically as a sample. A sample may consist
of one single observation, or a million obser-
vations. However, the whole of a series of
observations is referred to statistically as
the population. In the example of liquid limit
of the B horizon of soil type No. 230, the
population includes the liquid limits of all of
the B horizons of soil type No. 230 that were
ever found or ever will be found. Thus, some
of the populations are possible to observe and
some are practically impossible; but the con-
cept of Dopulation considers the whole group;
and the sample represents any number of obser-
vations less than the whole population. In the
example mentioned above,each set of five obser-
vations made in Livingston and Iroquois Counties
represents a sample taken from the population
of liquid limit of the B horizon of soil type
No. 230.
While it is often impossible to observe
the entire population, with the assistance of
various statistical methods it is possible to
infer what the population must look like from
samples taken from the population.
A. DISTRIBUTION AND PROBABILITY
When we have a number of observations in
a sample, we may plot a frequency distribution
as a histogram; but if we choose a very small
interval, then we may plot a frequency distri-
bution curve as shown below. This enables us
to visualize the distribution and to measure
its characteristics more readily.
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Frequency distributions are usually plot-
ted in terms of relative frequency, so that
the whole group of frequencies is considered
to be 100%. The heights of the curve are the
percentage of the total number of observations
which occurred in that particular place. If
we let the area under the curve represent 100%,
by measuring the area under the curve between
any two specific points, the percentage of all
observations within that area can be determined.
If it is of interest to determine what
percentage of all plastic soils on earth have
a liquid limit of 80 or higher, this percentage
will probably be a fairly small number, possi-
bly even less than 1%. Thus it will be repre-
sented by the area under the curve out on the
tail. Taking a particular point on the curve
such as 40, the area under the curve between
this point and the largest number may represent
50% of the total area. This means that at
least half of the plastic soils on earth will
have a liquid limit of 40 or higher. The con-
cept stated above describes the ordinariness
of the observation. Only in an area where
there are few observations is the observation
considered out of the ordinary. This ordinari-
ness can be stated mathematically on a percent-
age or a probability basis.
The area under the curve representing 1%
of the whole group of observations might be
described by saying that 99 observations fell
on the lower side of the point indicating a
liquid limit of 80 and only one on the upper
side. This is a concept of probability of one
in 100, that is, the chances are only one in 100
that a plastic soil with a liquid limit of 80
or greater will be found. A probability of
50 in 100 that a plastic soil having a specific
liquid limit is very ordinary, while the proba-
bility of one in 100 can be regarded as unusual.
B. MEASURES OF CENTRAL TENDENCY AND DISPERSION
As experimenters, we are usually interested
in the central value of a given set of observa-
tions or distribution. One of the most common
measures of the central tendency is the arith-
metic average or mean. It is commonly repre-
sented in statistics by the symbol x and
computed by the following formula:
n
= Xi + X2 + X - - - + Xn  i=l X
n n
For example, the sample mean liquid limit
of the B horizon of soil type No. 230 in
Livingston County can be determined as follows:
- 47.7 + 55.8 + 47.9 + 39.3 + 43.95 = 46.9
There are two different notations for mea-
sures of central tendency or any other charac-
teristics. The characteristics of the sample,
called statistics, are usually represented by
Latin letters, such as x for the sample mean;
while those of the whole population referred to
as parameters, are represented by Greek letters,
such as v for population mean. In reality,
there is seldom enough information to determine
the exact population mean; however, it can be
estimated from the sample mean within certain
definite limits.
The other characteristic of any distribu-
tion which is of great interest to experimenters
is the dispersion of the observations about the
mean. The most commonly used measure of dis-
persion is the variance. It is the sum of the
squares of deviations of the individual obser-
vations from the mean divided by one less than
the total number of observations. The sample
variance is represented by the symbol, S2
thus n
E ( . - x )2
S2 - i=l n 
- 1
The divisor has been determined by sta-
tistical theory and it is known as the number
of degrees of freedom in the sample. The
reason for using (n-1) instead of n relates
to the concept that sample statistics should
be good and unbiased estimates of the popula-
tion parameters. If n were used, the re-
sulting function of the sample observations
would produce biased estimates of the unknown
population variance because, on the average,
the estimates would be too small. For machine
computations, it is simpler to calculate the
sample variance by the following formula with-
out first calculating the sample mean:
n
( E X.) 2
n 1 i
E X2
2 = i=1 i n
n - 1
This formula avoids mistakes in taking
differences. Furthermore, as the mean seldom
comes out to a round number, the use of addi-
tional decimal places means that the differences
often have more figures in them than the
original observations.
Usually, the dispersion of the observa-
tions about the mean is measured by standard
deviation defined as the positive square root
of the variance. Thus, the sample standard
deviation is represented by the symbol, S .
Taking, again, the liquid limit of the B hori-
zon of soil type No. 230 in Livingston County
as an example, its variance is calculated as
follows:
S2 (47.7-46.9) 2 + (55.8-46.9) 2 + (47.9-46.9)
2
(5 - 1)
+ (39.3-46.9)2  + (43.9-46.9)2
(5 - 1)
(0.8) 2  + (8.9) 2  + (1.0) 2  + (-7.6) 2  + (-3.0) 2
4
- 0.64 + 79.21 + 1.00 + 57.76 + 9.00
4
147.61
4
= 36.90
The variance can also be
ler formula:
2 = (47.7) 2 + (55.8)2 +
(47.7 + 55.8 +
calculated by the simp-
(47.9)
2  
+ (39.3)
2  
+ (43.9)
2
(5 - 1)
47.9 + 39.3 + 43.9) 2 /5
(5 - 1)
147.61
4
= 36.90
Thus its standard deviation, S = /36.90 = 6.1.
The sample mean and deviations therefrom
are related to the mathematical statistical
Drinciple of least squares in the following
manner: If deviations of the observations are
measured from the sample mean, then the sum of
their squares is a minimum. In the example
mentioned above, if deviations are measured
from some number other than the sample mean,
46.9, the sum of their squares will be greater
than 147.61, the numerator of the variance.
This statement can be verified by trying devia-
tions from 46.0 and then 48.0:
Sum of squares of deviations from 46.0:
(47.7 - 46.0) 2 + (55.8 - 46.0)2 + (47.9 - 46.0) 2
+ (39.3 - 46.0) 2 + (43.9 - 46.0) 2 = 151.84.
Sum of squares of deviations from 48.0:
(47.7 - 48.0)2 + (55.8 - 48.0)2 + (47.9 - 48.0)2
+ (39.3 - 48.0) 2 + (43.9 - 48.0) 2 = 153.44
The variance of the whole population is
represented by the rreek symbol o2 , and
standard deviation, a .
C. COEFFICIENT OF VARIATION
It seems rather characteristic that large
things vary greatly while small things vary
little. Thus, for the purpose of comparing the
degree of variation within the sample or between
samples with respect to different properties,
it is often more convenient to express the
standard deviation, S , as a percentage of the
mean, x , the resulting statistic being called
the coefficient of variation, V , thus
V (%) = (s) 100
Since V is the ratio of two quantities
having the same unit of measurement, it does
not depend on the unit employed. The follow-
ing two examples will illustrate the usage of
this statistic.
Example C-l: Compare the variability of the
B horizon of soil type No. 230 found in
Livingston and Iroquois Counties as de-
termined by plasticity index.
Livingston County:
mean of PI = 25.8
standard deviation of PI * 3.3
Iroquois County:
mean of PI a 32.0
standard deviation of PI = 4.1
Comparing the size of standard deviations,
it seems that the B horizon of soil type
No. 230 found in Iroquois County is more
variable than that in Livingston County.
Now let us compute the coefficients of
variation:
For Livingston County:
V = 25- x 100 = 12.9
For Iroquois County:
V = 32. x 100 = 12.9
The equal magnitudes of the coefficients
of variation enable us to conclude that
the soil type No. 230 found in Livingston
County is just as variable as that in
Iroquois County.
Example C-2: Compare the relative vari-
ability of plasticity, represented by
liquid limit, and per cent of fines,
determined by % < No. 200 sieve, of
the B horizon of soil type No. 230 in
Livingston County.
LL: mean = 46.9
standard deviation = 6.1
coefficient of variation = 12.9
% < No. 200 sieve:
mean = 87.0
standard deviation = 9.5!
coefficient of variation = 10.9
On the basis of standard deviations, it
seems that the per cent of fines is more
variable than the plasticity in this sam-
ple. However, the coefficients of varia-
tion indicate that the reverse is a better
conclusion.
These two examples illustrate the important
point that standard deviation alone cannot
describe the entire picture of the variability
of a set of observations. However, the stand-
ard deviation in conjunction with coefficient
of variation and other statistics can achieve
this purpose.
D. NORMAL DISTRIBUTION
Examination of a set of observations shows
the individual observations clustering more or
less closely around the mean for the set. Obser-
vations that differ by little from the mean
occur more frequently than observations that
differ considerably from the mean. Experimental
evidence in many field of science in conjunction
with theoretical considerations has led to a
general distribution relating the frequency of
occurrence of an observation to the amount by
which it differs from the population mean.
This distribution is known as the normal dis-
tribution.
Normal distribution is one of the most
important frequency distributions in statistics,
and it plays an important role in statistical
theory and practice. It plots as a symmetrical
bell-shaped curve, extending infinitely far at
both ends as shown in Figure 3a. The equation
of the normal curve is
-
1 (X -)2
Y = e 2
a2-- e
in which
X = abscissa
Y = ordinate
7 = a constant (approximately 3.1416)
e = a constant (approximately 2.7183)
u = a parameter (equal to the mean of the
distribution or the population. Dif-
ferent normal curves may have differ-
ent means and thus different values
for u ; however, for a given distri-
bution u is constant)
a = a parameter (equal to the standard
deviation of the distribution or the
population. Different normal curves
may have different standard deviations,
hence different values for a ; how-
ever, for a given distribution o is
constant)
It can be seen from the above eauation and
also from Figure 3a that the normal distribution
is completely determined by two parameters.
The mean, u, locates the center or midpoint
of the distribution; i.e., the normal curve is
symmetrical about X = u . The standard devia-
tion, o, is the scale of measuring the spread
or variation of the distribution. Actually,
± 1 a are the distances from the mean to the
points of inflection of the curve; that is, the
curve is concave downward for X within Ila
of the u, and concave upward for X farther
than ±lo from the u . If the total area
between the curve and the X-axis is defined as
one square unit (or 100%), then the portion of
the area under the curve between any two values
of X is completely determined by u and a .
It can be determined by integration that 68.27%
of the total area lies in the interval u±l ,a
i.e., over two thirds of the observations are
concentrated within this interval, while 95.45%
of them are in the interval u*2o . Beyond
u30o lies only 0.25% of the total frequency.
In Figure 3a, it is also shown that 5% of the
total area lies beyond u1l.96o .
Figures 3b and 3c show the different shanes
of a normal distribution curve. In Firure 3b
each of the three curves has the same u and
c but different total areas. If the total
area under each curve is defined as one scuare
unit, then the area under each of the three
curves is distributed ecuallv in Drooortion to
the total area under the curve. For example,
the area between u and w + 1.96o in each
case is 47.5% of the total area.
In Figure 3c, each of the three curves has
the same total area and j , but different a .
A curve with area concentrated closely about
the u has a smaller a , while a curve with
area less concentrated about the u has a
larrer a .
Even though the Dooulation may not be
normally distributed, as lonz as it has a
finite variance the samoling distribution of
the means of samples taken randomly will be
aoproximately normal if the sample size is
sufficiently large. That is, if one takes
large samples of a soecified size n from any
distribution with finite variance and calculates
the mean values of the samoles, these sample
means would also form a distribution which is
called sampling distribution of the means
and will anproximate a normal distribution.
Thus, it is safe to assume a normal distribu-
tion in most exnerimental work. It is oossible
to show that the mean of the sampling distribu-
tion of the means will tend to be the population
mean, u, and the variance of this sampling
distribution, designated by S-, will tend to
x
aporoach population variance, 02  , divided by
the samole size, n . In other words, the
standard deviation of the mean, also referred
to statistically as standard error, S- , is
x
related to the population standard deviation,
a , by the ratio of the positive sauare root
of sample size, n , i.e., S- =- . This can
be expressed 7raphically as shown in Figure
4.
It is also possible to show that the mean
of the distribution of the sample variances,
S2 , will tend to be the pooulation variance,
0 2 , provided (n-1) is used as the divisor in
finding S2 . On the basis of the characteris-
tics of the sampling distributions of the means
and the variances, it is possible to conclude
that S2 can be used as an estimate of o2
and x of p .
E. CONFIDENCE INTERVALS AND LIMIT OF ACCURACY
Since the sampling distribution of the
means has a mean of u and a standard devia-
tion of -a and is normal in shape, it is
possible to determine the probability that a
sample mean, x , might be found within a
specified distance of the population mean, p ,
based on the characteristics of the normal
curve. Assuming that V and a are known,
the chances are 68.27 in 100 that the sample
mean, x , will be found within the distance of
± 10 from the u . An inequality can be set
up as
.o00 - l.0
- n < - x < + V-n
The probability is 95.45 in 100 that
2.00 - 2.00
--- < - x < +/ n / n
The inequality can be rewritten to cover any
specified probability as
Zo - Za
S< - x < + -
Now add x to each term of the inequality and
it becomes
- Zo - Za
x - -= < < x +-
This forms an interval that would include
U at a specified probability, depending on
what value is chosen for Z . The Z distri-
bution is a standard normal distribution ob-
tained from the equation Z u -- by mathemati-
cal statistics. These Z values can be found
in statistical tables. If the probability
is chosen at 95 in 100, the Z value will be
1.96. In other words, u will fall within the
range of (x - 1 ) to (x + 19 . This
inequality can be exoressed geometrically as
follows:
1- -96 0 x 9 + a
An interval is set up around x , then the
probability is 95 in 100 that v would be found
somewhere in this interval. This is called
the confidence interval. That is, there is a
95% confidence of finding within this interval
the population mean, 1 .
So far it has been assumed that a is
known. The usual situation is that both p and
o are unknown and only the sample statistics,
x and S, are known. As pointed out previously,
x is an estimate of p, and S of o . When
statistics are used instead of Darameters, the
confidence interval inequality is
- tS - tS
x - < p < x +
It has been defined previously that the standard
error, S- , is equal to . Since S can be
used as an estimate of a , thus S- =7 and
x - tS- < u < x + tS-
x x
in which t is a distribution obtained from the
equation t = - , where xi is the mean of
the sample i wKich can take on values of one,
two, three, - - - - or n . The t distribution
is similar to a normal distribution and approaches
it closely if it is based on a large sample size
as shown in Figure 3d. Another fact which can be
pointed out from Figure 3d is that the t dis-
tributions are flatter and more widely spread
than the normal distribution. Consequently, the
interval must be increased in order to cover the
same area under the t distribution as that
under the normal distribution. Thus, t is
generally larger than Z for a specified prob-
ability. For example, at the 95% ooint,
Z = 1.96, t = 2.26 when n = 10 or (10 - 1 =)
9 degrees of freedom, and t = 2.78 when
n = 5. However, for a very large sample size
t becomes equal to Z .
The values of x ±* n- or x * tS- are
referred to statistically as confidence limits
and nS or tS- as the limit of accuracy.
Let us take the five observations of the
liquid limit of the B horizon of soil type No.
230 in Livingston County as an example to illus-
trate the meaning of confidence interval.
R of LL = 46.9 S of LL = 6.1
thus, S.- =  --7 = 2.7
at the 95% point, t = 2.78 when n = 5
therefore, the limit of accuracy L = tS-
x
= 2.78 x 2.7 = 7.5
and the confidence limits are
x - L = 46.9 - 7.5 = 39.4 and i + L
= 46.9 + 7.5 = 54.4
Thus, the probability is 95 in 100 that
the population mean liquid limit of the B hori-
zon of soil type No. 230 will fall in the range
of 39.4 to 54.4.
From the above example, it can be seen
that the larger the S is, the wider the confi-
dence interval will be, because the confidence
interval is directly proportional to the size
of standard deviation.
Let us suppose the population mean liquid
limit of the B horizon of soil type No. 230 was
found to be 37.5. This value falls outside of
the range determined in the example above.
Consequently, we would have rejected that 37.5
is the population mean while it truly is. Thus
an error is committed when the conclusion is to
reject the hypothesis of u = 37.5 when in
reality it is true. The same error will also
be committed if . > 54.4. This situation is
similar to that shown in Figure 3a. The shaded
areas, each composed of 2.5% of the total area,
are known as the critical regions: the areas
of the distribution of the statistics in which
the hypothesis will be rejected. In this ex-
amnle, the critical regions are < 39.4 and
> 54.4, and the chance of rejecting the hypothe-
sis of u < 39.4 and u > 54.4 when it is
really true is 5% because the critical regions
are determined by the t value at the 95%
point. This chance is called the level of
significance and is usually denoted by the
Greek letter a . A convention frequently fol-
lowed is to state that the result is significant
if the hypothesis is rejected with a = .05 and
highly significant if it is rejected with
a = .01. They are designated conventionally in
many statistical works as significant at the 5%
level and significant at the 1% level, respec-
tively. In the above example, it can be stated
that the confidence interval of 39.4 < u < 54.U
or the limit of accuracy of 7.5 is significant
at the 5% level. In other words, the chances
are 95 in 100 that the p will fall in the
range of 39.4 to 54.4. Let us now change the
level of significance of the above example from
5% to 1%. The corresponding t value at
a = .01 is 4.60. Therefore,
limit of accuracy L = 4.60 x 2.7 = 12.4
x - L = 46.9 - 12.4 = 34.5, and
R + L = 46.9 + 12.4 = 59.3.
Then we can conclude that, 99 in 100, the
population mean liquid limit of the B horizon
of soil type No. 230 will fall in the range of
34.5 to 59.3.
From this example, it can be seen that when
the level of significance is raised, the confi-
dence interval will be widened, because the
chances of rejecting a true hypothesis are de-
creased. It is thus apparent that the level of
significance determines the boundaries of the
critical regions. Some critical values of t
for three levels of significance are listed in
the following table:
Level of Degree of
Significance 2 4 8
10 Per cent 2.92 2.13 1.86
5 Per cent 4.33 2.78 2.31
1 Per cent 9.92 4.60 3.36
Freedom
12 30
1.78 1.70 1.64
2.18 2.04 1.96
3.06 2.75 2.58
Examination of these critical t values
shows that they are largest for small size
samples and high probabilities of being cor-
rect. This is in complete agreement with the
experimenter's own experience. It is common
knowledge that a reasonable number of obser-
vations must be made to give confidence in the
result. Statistical techniques sharpen the
perception and provide a standard procedure
for reporting what is seen.
F. REQUIRED SAMPLE SIZE
Based on the definition of limit of accu-
racy, it is possible to determine the sample
size required to predict the population mean
within a certain definite range for a certain
degree of accuracy. Since limit of accuracy,
tS tSL =rn, then /-n = - , or the required
sample size, n' = (t)2 .
Take again the five observations on the
liquid limit of the B horizon of soil type No.
230 in Livingston County as an example. Now,
it may be anticipated that the population mean
liquid limit will be established in the range
of sample mean liquid limit ± 5.0 at the 5%
level of significance; i.e., in the range of
46.9 ± 5.0 or 41.9 to 51.9 (confidence interval).
Then the limit of accuracy L = 5.0 and the
required sample size, n = (2.78 x 6.1)2 11.5,5.0
say 12 observations.
Now if one feels this confidence interval
is too large and wants to change to
x - 5%x < v < x + 5%x
the L = 5% (46.9) = 2.34
and n = (78 x 6.)22.34
S,2.78 x 6.1 2 5.0 2
5.0 2.34)
= 11.5 x 4.56 = 52.5, say 53 observations.
It can be observed from these two examples
that the required sample size for a given level
of significance will be increased if the confi-
dence interval is narrowed; conversely, it will
be decreased if widened.
Let us try another example based on the
same five observations. If one decides to
raise the level of significance to 1% in the
first example, then, t = 4.60 at n = 5 and
L = 5.0
thus n (4.60 x 6.1)25.0
(2.78 x 6.1)2 (4.60)2
5.0 2.78
= 11.5 x 2.74 = 31.5, say 32 observations.
It is apparent from this example that the
required sample size for a given confidence
interval will be increased if the level of
significance is raised; conversely, it will be
decreased if lowered.
The required sample size thus depends on
the specified confidence interval and level of
significance which can be altered to fit various
experimental conditions.
The values of six index properties were
chosen for statistical study. These were the
liquid limit (LL), plasticity index (PI),
percentages passing sieve Nos. 10, 40 and 200
(% < No. 10, % < No. 40 and % < No. 200),
and the minus 0.002 mm clay content (% < 2u).
These six index properties were selected because
each of the three classification systems, AASHO,
USDA, and Unified, is based on several or all
of them. In the statistical analysis, zeros
are assigned to both the liquid limit and
plasticity index for nonplastic soils. Appendix
3 gives the summary of the statistical data
obtained.
Inspection of these data indicates that
the required sample size varies,depending upon
which index property and horizon are chosen as
a basis for the exploratory program. Therefore
the engineer must always exercise judgment in
using statistical data for engineering purposes;
on the other hand, these data provide him with
a valid basis for making such judgments since
the order of magnitude of variability in the
various index properties is presented.
G. COMPARISON OF TWO SAMPLE MEANS - t TEST
Investigators in many fields are fre-
quently confronted with the necessity of com-
paring the mean values of two samples drawn
from different sources to decide whether the
difference between the means is significant of
a real difference between the parent sources.
Suppose we have two random samples drawn from
a normal distribution. Then we can compute
the means and variances of these two samples
as follows:
For sample No. 1:
n
E X
- j x
mean, x =
S ni1
n,
E (X - x) 2
variance, S1
2 
= jn - 1
ni
( E X l.)2
n1 2 =1 3
E X2 1j nJj=l n1j= n - 1
For sample No. 2:
n2
- j=1 2mean, x2 n= _-_
2 (X - 2)2
variance, S 2 = j -
n2
S X2 j )2
j=l 22
n2 - 1
The basic question to be answered is:
"Were these two samples obtained from the same
population, or were they obtained from two
populations having different means?"
Let us tentatively adoot the attitude
towards the data that there is no difference
between the two sets of observations. This is
known as the Null Hypothesis. It applies not
only to the means for the sets but also to
their standard deviations. The two estimates
of 02, Si 2 , and S2
2  
are in consequence
pooled on a weighted basis to orovided a better
estimate of 02 . The result is a pooled vari-
ance, S 2 .
S 2 (n - 1) S12 + (n 2 - 1) S2 2
P (nI - 1) + (n 2 - 1)
ni( E X )2
E X2 j=1
j=l "1 ni
n I + n 2 - 2
n2( E x 2.)2
+ E 2j nS=1 2
n + n 2 - 2
The statistic t may then be computed by
the following expression:
xI -X 2x" - x
t = Sp +
If the calculated t value equals or
exceeds the critical t value at the specified
level of significance for (ni + n2 - 2)
degrees of freedom (see Section E), the two means
are then significantly different.
Notice that should n! = n 2 = n , that is,
if the two samples have the same number of ob-
servations, the calculation for the statistic
t is simnlified as follows:
S 2 = (n - 1) S1 2 + (n - 1) S 
2  
= S 2 + S22
(n - 1) + (n - 1) 2
S- X2
= x - X2
= 
x ! - x2
S1
2  + S2
2
n n-- -
+ S-72
S-i and S-2 are the values of standard
error of the respective means.
Let us now compare the mean liquid limits
of the B horizon of soil type No. 230 obtained
from Livingston and Iroquois Counties to illus-
trate the procedure of testing the significant
difference between two means by t test.
Iroquois Livingston
X1 1  54.9 X2 1  47.7
XI2  51.5 X2 2  55.8
X13  51.4 X2 3  47.9
X14 59.0 X2 4 39.3
X1 5 54.2 X2 5 43.9
= 54.2
= 5
= 3.1
= 
= 1.4
= 46.9
= 5
= 6.1
=- = 2.7
Specify a = 0.05. Degrees of freedom =
5 + 5 - 2 = 8; then critical t values =
2.31.
54.2 - 46.9 7.3
/ (1.4)2 + (2.7) 2  / 1.96 + 7.29
7.3= 
- 2.40
3.04
Since the calculated t value exceeds
the critical t value at the 5% level of sig-
nificance, we can conclude that, 95 in 100,
there is a significant difference between the
mean liquid limits of the B horizon of soil
type No. 230 obtained from Livingston and
Iroquois Counties.
H. ANALYSIS OF VARIANCE
In the previous section, comparison of two
sample means has been discussed. If there are
more than two means to be compared, the task
becomes more complicated. Naturally, the means
can be compared two at a time. Such procedure
will be long and involved. Analysis of variance
simplifies the task of determining significant
differences or equality of two or more sample
means.
Prior to the discussion of analysis of vari-
ance, another statistic, "F", should be con-
sidered briefly. If two random samples are
drawn from a normal distribution, the means
and variances of these two samples can be de-
termined and designated as R1, S1
2 
and x2 ,
S2
2 
. The statistic F is computed as the
ratio between the two variances, or
F = 
S 12
S2
2
It has a sampling distribution called the
F distribution. There are two sample variances
involved and two sets of degrees of freedom,
nI - 1 in the numerator of the F and n2 - 1
in the denominator. Each pair of degrees of
freedom determines an F distribution. Sam-
pling has been done in theory and a separate
curve has been plotted for each combination of
(nI - 1) and (n2 - 1) degrees of freedom.
Tables listing critical values of F obtained
from various distributions of F can be found
in any textbook on statistics at several levels
of significance. The following table shows the
critical F values at the 5% level of signifi-
cance for a few sizes of sets.
Degrees of Freedom for Numerator
1 3 5 8 12 20
1 161
10.1
6.61
5.32
4.75
4.35
3.84
216
9.28
5.41
4.07
3.49
3.10
2.60
230
9.01
5.05
3.69
3.11
2.71
2.21
239
8.84
4.82
3.44
2.85
2.45
1.94
244
8.74
4.68
3.28
2.69
2.28
1.75
248
8.66
4.56
3.15
2.54
2.12
1.57
As pointed out in the previous section,
the pooled variance formed by putting together
the two sample variances provides a better
estimate of the population variance, o 2 .
It has also been shown in Section D of
this chapter that the variance of the sampling
distribution of the means is related to popula-
tion variance, 02 , by S-2 = 2 . Therefore,
x n
it is possible to estimate the 02 as nS- 2
x
(SR was defined previously as the standard
deviation of the mean or standard error and
n as the size of the samples).
There are two ways of estimating the same
quantity, o2 . One is the pooled variance
within the samples, S 2 , and the other is
the variance of the sample means, nS_ 2 .
x
These variance estimates will be related to
each other by the ratio that follows the F
distribution. Thus, we have a procedure to
test the hypothesis of equality of two mean
values. First calculate from these two means
an estimate of population variance, and then
compare it to the population variance estimate
obtained from the pooled variance within the
samples by using the F test. If F is too
large, then the sample means were not estimates
of the same population mean; and therefore,
these two means must differ from each other.
Let us illustrate this procedure of testing
the equality of two means by several examples.
Use the data of three index properties, LL ,
%<2p , and %< No. 10 of the B horizon of
soil type No. 230 for this purpose.
Example H-l: Compare the
Livingston
XI1  47.7
X12  55.8
XI3  47.9
X14 39.3
X1 5  43.9
n1
E X = Ti = 234.6
j=1 1
T1
xl - = 46.9
n 1
mean liquid limits obtained
Iroquois
X2 1  54.9
X2 2  51.5
X2 3  51.4
X2 4  59.0
X2 5 54.2
n2
E X 2j = T2 = 271.0
j=l
T2
x2 = -- = 54.2
from Livingston and Iroquois Counties.
nI = n2 = 5
n = nI + n2 = 10
k = No. of means = 2
k n.
Grand total T = T1 + T2= Z 1 X..
i=l j=1 I]
= 505.6
_- T
Overall mean, x = - 50.6
n
Degrees
of
Freedom
for
Denominator
254
8.53
4.37
2.93
2.30
1.84
1.00
The estimate of o 2 known as S 2 is
p
nI + n 2 - 2
(47.7 2 +55.8 2+47.92+39.32+43.92- 234 625
5 + 5 - 2
(54.9 2 +51.5 2 +51.4 2 +59.0 2 +54.2
2
- 271. 0 2)
5+5-2
5 + 5 - 2
186.27
= 23.28
Thus S 2 , referred to as within-groups vari-
p
ance, is equal to the within-groups sum of
squares divided by its degrees of freedom, eight.
The estimate of o2 from the sample means
known as S T2  is
k
E (x. - x)2 n.
S 2 = =1k -
in this example
S 2 n (xI - )2 + n2 (x2 - )2
k - 1
T k--- -
T1
2  
T2
2  
T2
"Wn" 1  2 n
k - 1
234.62 271.02 505.62
5 + 5 - 10
2 - 1
_ 132.49
= 132.49 .
Thus, S 2 , known as the between-groups vari-
ance, is equal to the between-groups sum of
squares divided by its degrees of freedom, one.
Then F = ST2 =5.69
S 2 23.28
pand the critical F value from the table at
and the critical F value from the table at
the 5% level of significance is 5.32. Now the
calculated F value is greater than the tabled
F value and we can conclude that 95 in 100 the
mean LL of the B horizon of soil type No. 230
in Livingston County is different from that in
Iroquois County. In other words, the LL test
results of the B horizon of soil type No. 230
in Livingston County are probably not applicable
to Iroquois County.
This set of data was also used to illus-
trate the t test in the previous section.
The same conclusion has been reached in both
instances. Actually, if there are only two
samples, F = t2 . In this case, the analysis
of variance and the t test are identical.
The total sum of squares can be calculated
by the following equation:
k ni
Z E (X.. - R)2
i=l j=l
k n.
k ni  ( r  Xij)21 x 2 - i=1 j=1
i=l j=1 i n
In the above example, the total sum of
squares = 318.76. Note that the within-groups
sum of squares + between-groups sum of squares
= 186.27 + 132.49 = 318.76. Thus the within-
groups sum of squares and the between-groups sum
of squares added together give the total sum of
squares. This additive property of the sums of
squares is an important characteristic of analysis
of variance. In other words, the total sum of
squares can be divided into two parts, one
associated with the sample means and the other
associated with the within-sample individuals.
This procedure of dividing the total sum of
squares into various classifications is known
as analysis of variance. In any division it
is possible to obtain a variance estimated by
dividing the sum of squares by its degree of
freedom. This example can be displayed in a
table as follows:
Analysis of Variance Table
Degrees
Source of Variation of Freedom
Total n-l = 9
Between counties k-l = 1
Between sites in counties n-k = 8
* Significant at the 5% level
Example H-2: Compare the means of % < 2u
type and horizon.
County M eans: Livingston 47.7
Iroquois
Sum of Squares Variance
318.76
132.49 132.49
186.27 23.28 5.69*
obtained from the same two counties for the same soil
52.2
Analysis of Variance Table
Source of Variation
Total
Between counties
Between sites in counties
Degrees
of Freedom
9
1
8
Sum of Squares
319.18
49.73
269.45
If a = .05 (95 in 100) at degrees of freedom (1, 8), then the critical F = 5.32. The
calculated F value is smaller than the critical F value. Thus we can conclude that the mean
values are not significantly different between Livingston and Iroquois Counties and that both of
the mean values are estimates of the population mean of % < 21 of the B horizon of soil type No.
230.
Example H-3: Compare the means of % < No. 10 obtained from the same two counties for the same
soil type and horizon.
County Means: Livingston 99.3
Iroquois 99.9
Analysis of Variance Table
De•
Source of Variation of
Total
Between counties
Between sites in counties
** Significant at the 1% level
;rees
Freedom Sum of Squares
1.79
1.09
0.70
Thus we can conclude that, 99 in 100, the mean of % < No. 10 of the B horizon of soil type
No. 230 obtained in Livingston County is different from that in Iroquois County. Now, let us go
back to examine the data a little closer. It is found from Appendix 3 that in Livingston County,
the standard deviation for % < No. 10 is 0.4 and coefficient of variation is also 0.4; in
Variance
49.73
33.68
1.48
Variance
1.09
0.09 12.5**
Iroquois County, S = 0.1 and V = 0.1. It is
obvious that the variation associated with each
of the two means is indeed very small. Conse-
quently, a difference of 0.6 between the two
means is highly significant. However, from
the engineering point of view, this is really
meaningless. It makes practically no differ-
ence whether 99% or 100% passes the No. 10
sieve.
The procedures discussed above can easily
be extended to more than two sample means with
differing numbers of observations in each sam-
ple. Such applications will be discussed in
the next section.
Following the same procedures used in the
above examples, the analysis of variance was
performed on the test data of each of the six
chosen index properties for each horizon and
soil type. The calculated F values are
listed in Table 6. The significance of these
F values is discussed in Chapter VI.
I. DUNCAN'S MULTIPLE RANGE TEST
As stated previously, the analysis of vari-
ance procedure can be used, by comparing the
calculated F value with the critical F value
obtained from statistical tables, to test the
equality of more than two sample means. However,
an F test alone does not always satisfy all
the practical requirements. When the calculated
F value is greater than the tabled critical F
value, the hypothesis that k population means
concerned are equal is rejected. But, it gives
no decisions as to which of the differences
among the sample means may be considered sig-
nificant and which may not.
To illustrate, let us examine the liquid
limit test results on the A horizon of soil
type No. 67. Five sites were sampled from each
of the following three counties: Livingston,
Will, and Iroquois, with their liquid limit
mean values being 56.2, 54.9, and 42.9 respec-
tively.
Analysis of Variance Table
Degrees
Source of Variation of Freedom
Total 14
Between counties 2
Between sites in counties 12
* Significant at the 5% level
The F test indicates that 95 in 100
there are significant differences existing
among the three means, but it fails to reveal
which of the means differ from one another.
Therefore, Duncan devised the multiple range
test(14)to determine which comparisons are
significant. Later, Kramer(15)extended it to
test means with unequal numbers of observations.
The data required to perform this test are:
(1) the means arranged in order,
(2) the standard error, SR , and
(3) the degrees of freedom on which this
standard error is based, N2 , plus the necessary
Sum of Squares
1144.04
537.19
606.85
Variance
268.59
50.57
F
5.31*
table of significant studentized ranges.(1,14)
The steps in the test are as follows:
(1) From the table for the desired level of
significance, significant ranges are extracted
for sample sizes, p = 2, 3, 4 - - - k, at the
corresponding N2 degrees of freedom for the
standard error.
(2) The shortest significant ranges are then
formed by multiplying the significant ranges
obtained from tables by the standard error,
S-
(3) Each difference between means is compared
with the appropriate shortest significant range;
the difference is called significant if it ex-
ceeds the range, with one exception: Mo dif-
ference between two means can be declared
significant if the two means are both contained
in a set of means which has a non-significant
range.
(4) Underscore the means which are not signifi-
cantly different.
The example mentioned above orovides a
simple way of illustrating the use of this test.
(1) Liquid limit mean values ranked in order
Counties: Iroquois Will Livingston
Means: 42.9 54.9 56.2
(2) Standard error Si
/ Between-sites variance
VNo. of sites in each mean
S 0.57 = 3.18
degrees of freedom N2 = 12
(3) From the table of significant studentized
ranges for a 5% level and at N2 = 12 ,
extract the significant ranges
Sample sizes, p: 2 3
Significant ranges, Zp: 3.08 3.23
Since there are three mean values to be com-
pared and each of the mean values is not to be
compared with itself, the sample sizes needed
are 2 and 3.
(4) Form shortest significance ranges,
Rp = (SR) (Zp)
p: 2
Rp: R2 = (3.18) (3.08) = 9.79
p: 3
R : R3 = (3.18) (3.23) - 10.27
(5) The differences between means are tested
in the following order:
The largest minus the smallest, the
largest minus the second smallest, up to the
largest minus the second largest; then the
second largest minus the smallest, the second
largest minus the second smallest, and so on,
finishing with the second smallest minus the
smallest. Thus, in the case of this example
the order for testing is: Livingston-Iroquois,
Livingston-Will, Will-Iroquois.
With only one exception, stated previously,
each difference is significant if it exceeds
the corresponding shortest significant range;
otherwise, it is not significant. Because
Livingston-Iroquois is the range of three means,
it must exceed R3 = 10.27, the shortest sig-
nificant range of three means, to be significant;
because Livingston-Will or Will-Iroquois is the
range of two means, it must exceed P2 = 9.79,
the shortest significant range for two means,
to be significant.
Because of the exception rule, as soon as
a nonsignificant difference is found between
two means, it is convenient to group these two
means and all of the intervening means together
by underscoring them with a line. The remaining
differences between all members of this set of
means underscored in this way are not signifi-
cant according to the exception rule. Thus
they need not, and should not, be tested against
shortest significant ranges.
The details of the test are as follows:
Livingston-Iroquois
= 56.2 - 42.9 = 13.3 > R3 (= 10.27);
thus it is significant.
Livingston-Will
= 56.2 - 54.9 = 1.3 < R2 (= 9.79);
thus it is not significant.
Will-Iroquois
= 54.9 - 42.9 = 12.0 > R2 (= 9.79);
thus it is significant.
(6) Results:
Counties: Iroquois Will Livingston
Means: 42.9 54.9 56.2
Note: Any two means not underscored by
the same line are significantly
different.
Any two means underscored by the
same line are not significantly
different.
(7) Conclusions:
For A horizon of soil type No. 67, 95 in
100, the mean liquid limit of Livingston
County is not different from that of Will
County; while the mean liquid limit of Iroquois
County is different from that of Livingston or
Will County.
The procedures used in analysis of vari-
ance and Duncan's multiple range test can also
be used to test the equality of more than three
means, each being determined by a different
number of observations, and then to judge which
of the means differ from one another.
The application of these two methods can
best be illustrated by an example. Since all
of the ten soil types investigated belong to
the Humic-Gley great soil group, it is of inter-
est to study whether they can be treated as one
group from the engineering viewpoint on the
basis of the equality of the various index
properties. Let us consider, first, the liquid
limit of all the A horizons.
Analysis of Variance Table
Source of Variation Degrees
Total
Between soil types
Between counties in soil types
Between sites in counties
in soil types
** Significant at the 1% level
of Freedom Sum of Squares
29176.02
23917.63
975.39
4283.00
Thus we can conclude that when all the 120
liquid limits are combined, there are no sig-
nificant differences among the counties; how-
ever, there are significant differences among
the soil types, and the A horizon cannot be
treated as one group on the basis of liquid
limits. However, Duncan's multiple range test
will enable us to group the ten soil types into
small groups on the basis of the equality of
the liquid limit of the A horizon. Since four
of the soil types were sampled from three
counties (thus 15 sites) and the other six
soil types were from two counties (thus ten
sites), adjustments have to be made to take
care of the unequal number of observations
associated with the soil types. The detailed
procedure of the Duncan's multiple range test
for this example is illustrated as follows:
(1) Liquid limit means ranked in
Soil type Nos.: 89 125 50
Means: 2.7 31.1 45.8
Number of sites: 10 10 10
order
152 230
50.4 50.9
15 10
(2) Since the numbers of sites for each soil
type are not equal, the standard error can not
be calculated directly from the between-counties
variance; however, we can compute the between-
counties standard deviation, S = 69.67 = 8.35,
and degrees of freedom N2 = 14.
(3) Extract the significant ranges from the
table of significant studentized ranges for 1%
level.
Sample sizes, p: 2 3 4 5 6
Significant ranges,Z : 4.21 4.42 4.55 4.63 4.70
Sample sizes, p: 7 8 9 10
Significant ranges,Z : 4.78 4.83 4.87 4.91
Since there are ten mean values to be compared
and each of the mean values is not to be com-
pared with itself, the sample sizes needed are
two through ten.
(4) Form appropriate significant range factors,
Rp' = (s) (Zp)
67 68 244 232 65
51.3 51.7 51.8 52.7 53.5
15 15 10 15 10
Variance
2657.51
69.67
44.61
F
38.14**
1.56
p: 2 3 4 5 6
R ': 35.15 36.91 37.99 38.66 39.24
p
p: 7 8 9 10
R : 39.91 40.33 40.66 41.00
P
(5) Test the differences between two means:
First, make adjustment to take account of the
unequal number of sites for each soil type:
Assume that mean xl is determined by n1
sites and mean x2 by n2 sites; in order
for (xl- x2) to be significant,
/2 (nl) (n2)
(xI - X2) V nl + n2 must exceed the
appropriate significant range factors, R ' .
In this example, there are three different
adjustment factors:
= n2  i 0 2 x 10 x 10
n 
2  10  10 0 = v = 3.16
n = 0, n2 =15 1015 2 2 i = 3.46
l =2 = 15 2 x 15 x 15 = i = 3.87
V 1 5 + 15
(a) No.65 - No.89: (53.5 - 2.7) 3.16 =
160.63 > RIO' (= 41.00); thus No.65
- No.89 is significant.
(b) No.65 - No.125: (53.5 - 31.1) 3.16 =
70.83 > PR' (= 40.66); thus No.65
- No. 125 is significant.
(c) No.65 - No.50: (53.5 - 45.8) 3.16 =
24.35 < Rg' (= 40.33); thus No.65
- No.50 is not significant, and
No.65 - No.152, No.65 - No.230,
No.65 - No.67, No.65 - No.68, No.65
- No.244 and No.65 - No.232 are all
not significant by the exception
rule. These results are shown by
drawing a line under the set
(Nos.50, 152, 230, 67, 68, 244, 232,
and 65).
(d) No.232 - No.89: (52.7 - 2.7) 3.46 =
173.00 > P„ (= 40.66); thus No.232
- No. 89 is significant.
(e) No.232 - No.125: (52.7 - 31.1) 3.46 =
74.74 > Rg' (= 40.33); thus No.232
-No.125 is sirnificant.
(f) No. 232 - No.50, No. 232 --No.152, No.232
- No.230, No.232 - No.67, No.232
- No.68, and No.232 - No.244 are all
not significant by the exception
rule. No line is needed, since the
one drawn in (c) includes this.
(p) No.244 - No.89: (51.8 - 2.7) 3.16 =
155.16 > Rg' (= 40.33); thus No.244
- No.89 is significant.
(h) No.244 - No.125: (51.8 - 31.1) 3.16 =
65.41 > Ry' (= 39.91); thus No.244
- No.125 is significant.
(i) No.244 - No.50, No.244 - No.152, No.244
- No.230, No.244 - No.67, and No.244
- No.68, are all not significant by
the exception rule.
(j) By inspection, No. 68 - No.89, No.68
- No.125, No.67 - No.89, No.67
- No.125, No.230 - No.89, No.230
- No.125, No.152 - No.89, and
No.152 - No.125 are all significant.
(k) No.50 - No.89: (45.8 - 2.7) 3.16 =
136.20 > R3Y (= 36.91); thus No.50
- No.89 is significant.
(1) No.50 - No.125: (45.8 - 31.1) 3.16 s
46.48 > R2 ' (= 35.15); thus No.50
- No.125 is significant.
(m) No.125 - No.89: (31.1 - 2.7) 3.16 =
89.8 > R2 ' (= 35.15); thus No.125
- No.89 is significant.
(6) Results
Soil type Nos.: 89 125 50 152 230
Means: 2.7 31.1 45.8 50.4 50.9
Soil type Nos.: 67 68 244 232 65
Means: 51.3 51.7 51.8 52.7 53.5
Note: Any two means not underscored by the
same line are significantly different.
Any two means underscored by the same
line are not significantly different.
(7) Conclusions:
For the A horizon, 99 in 100, the mean licuid
limits of soil types Nos. 50, 152, 230, 67, 68,
244, 232, and 65 are not different, while they
are different from that of soil types Nos. 89
and 125; moreover, the mean liquid limit of soil
soil type No. 89 is different from that of
soil No. 125. In other words, on the basis
of the mean liquid limits of the A horizon,
soil types Nos. 50, 152, 230, 67, 68, 244,
232 and 65 can be considered as one group,
while soil types Nos. 89 and 125 remain as
independent groups.
VI. DISCUSSION OF TEST RESULTS AND STATISTICAL ANALYSES
A. INDIVIDUAL SOIL TYPES
The test results of each soil type are
listed in the Test Data Summary Sheets of soil
samples in Appendix 2. The statistical data
on the six chosen index properties are con-
tained in Appendix 3. The results of classifi-
cation by the AASHO, USDA and Unified systems
are summarized in Tables 3 through 5 respec-
tively. Table 6 is a summary of the F values
obtained from analysis of variance.
The expected engineering properties and
classification of each soil type are listed in
Plates 1 through 10 in Appendix 1. The ranges
of the six index properties as shown in the
plates represent the combined confidence inter-
vals at the 5% level of significance. As
discussed in Section E of the previous
chapter, the confidence intervals can be ex-
pressed by the following inequality:
sample R - L < population V < sample x + L
in which x = mean
= mean
L = limit of accuracy.
To illustrate, let us take the liquid limit of
the C horizon of soil type No. 50 as an
example. From Appendix 3, it is found that
the mean LL in Christian County is 44.1 with
a limit of accuracy of 6.0 at the 5% level of
significance. Thus, the confidence interval
will be
38.1(= 44.1 - 6.0) < u of LL < 50.1(= 44.1 + 6.0).
However, the mean LL in Jersey County is
52.6 with a limit of accuracy of 4.3 or the
confidence interval will be 48.3 < j of
LL < 56.9. Combining the two confidence
intervals above, we get 38 < v of LL < 57.
Then we can state, 95 in 100, the population
mean LL of the C horizon of soil type No.50
can be expected to fall within the range of
38 to 57. In other words, if we take five
samples of the C horizon of soil type No.50
from an area comparable to the size of a
county, we can expect the sample mean LL to
be in this range about 95% of the time; how-
ever, it is possible that one of the five LL
values will be found outside of the range.
The expected ranges of the six index properties
reported in Appendix 1 are such combined con-
fidence intervals.
If one feels the renorted range is too
large and wishes to obtain a range, say,
sample mean * 5.0, at the same level of
significance, then more samples will probably
be needed as discussed in Section F of the
previous chapter. Actually, the samole size
required for this specific range, at the 5%
level of significance, has been determined
and listed in Appendix 3. To illustrate, let
us take the same example as discussed above.
Since the limit of accuracy of Jersey County
is 4.3, smaller than the specified 5.0, only
four samples will be required; however, the
limit of accuracy of Christian County is 6.0,
grater than 5.0; therefore, eight samples are
needed from an area about the size of a county
in order to establish the range of sample
mean * 5.0. This concept can be extended to
cover various other ranges at different levels
of significance. Such examples have been dis-
cussed in Section F of the previous chapter.
Actually, for any specified range at a certain
level of significance, the sample size required
depends only on the degree of variability: the
larger the variability is, the more samples will
be required to establish the population mean
values with a given degree of precision. Thus,
the number of samples required as listed in the
last column of Appendix 3 also serves as an
indicator of the variability of the soil types.
The expected classifications, as listed
in the plates in Appendix 1, are extracted
from Tables 3 through 5. The classes under-
lined indicated the ones occurring most fre-
quently.
The specific characteristics pertaining
to each soil type are discussed in the follow-
ing sections.
1. Virden Silty Clay Loam, No. 50
Table 6 shows that the mean values of four
index properties, namely the LL, PI, % passing
No. 10 sieve, and % clay (<2p) of the C hori-
zon in Jersey County are significantly higher
than those in Christian County, while the mean
values of the remaining two index properties of
the C horizon and all those of the A and B
horizons are not significantly different be-
tween the two counties. It is not possible
to explain, at the present time, why the dif-
ferences occur in LL, PI, and % clay of C
horizon. The significant difference between
the two mean values of % passing No. 10 sieve
is a result of very small variations associated
with each mean; thus a small difference between
the two means will produce a significant F
value. A similar case has been discussed in
Example 3 of Section H in the previous chapter.
From the engineering point of view, the dif-
ference between 99.8% and 100% passing the No.
10 sieve is really not significant.
Comparison of the various mean values
indicates that there are no significant dif-
ferences in the A and B horizons, referred
to pedologically as the solum. This fact
indicates that the original differences of
the parent material, as revealed in the C
horizon, have been erased by the process of
soil weathering. Highway soils engineers,who
often must deal with uppermost horizons of
soil profiles, should take advantage of this
pedological concept, which states that similar
soil forming factors will produce similar pro-
files of soil weathering.
Comparing the relative magnitude of stand-
ard deviation, coefficient of variation, and
other statistics, the variability of all the
three horizons found in Christian County is
slightly larger than that found in Jersey
County. The A horizon is slightly more variable
than the other two horizons. The plasticity
values of the various horizons have a larger
degree of variation than the grain size
characteristics.
As shown in Plate 1 of Appendix 1, the
B horizon has a slightly higher plasticity and
larger clay content than the other two horizons.
Furthermore, the expected ranges of all the
index properties of this soil type are reason-
ably narrow: over 90% of all the three hori-
zons fall into the A-7-6 group of the AASHO
classification and the CL or CH groups of the
Unified classification. Thus it can be con-
cluded that soil type No. 50, Virden silty clay
loan, is a reliable map unit from the engineer-
ing standpoint. This fact can be attributed
to the character of its parent material, loess,
which has relatively uniform engineering
properties.
2. Illiopolis Silty Clay Loam, No. 65
It is indicated in Table 6 that there are
no significant differences between the mean
values of the six index properties in all three
horizons of the two counties being investicated.
This fact indicates that this oedolocical soil
type has practically the same engineering
properties whether it is found in 'Menard cr
Christian County. Thus this soil type can
serve as a useful engineering unit.
In comparing the relative marnitude of
the various statistics, the variability of all
the three horizons found in "enard County is
slightly larger than that found in Christian
County. The plasticity values of the various
horizons also exhibit a larner degree of varia-
tion than do the grain size characteristics.
Among the three horizons, the C horizon is
most variable while the B horizon is very uni-
form.
As shown in Plate 2 of Appendix 1, the
B horizon has a higher plasticity and a
slightly larger clay content. The expected
ranges of all the index properties of this
soil type are quite narrow, especially in the
B horizon. In addition, over 90% of all the
three horizons are classified as the A-7 grouo
of the AASHO classification and the CL or CH
group of the Unified classification. From an
engineering standpoint, this pedological soil
type, Illipolis silty clay loam, No. 65, can
be considered as a very reliable mao unit.
The parent material of this soil type is the
same as soil type No. 50, loess.
3. Harpster Silty Clay Loam, No. 67
As exhibited in Table 6, there are no
significant differences between the mean values
of the six index properties in all three hori-
zons of the three counties being studied, with
the exception of the mean LL of the A horizon.
The Duncan's multiple range test indicates
that the mean LL of the A horizon found in
Will and Livingston Counties is significantly
higher than that found in Iroauois County.
An examination of the various statistics in
Appendix 3 reveals that large variations are
associated with each of the mean values,
especially with those of the C horizon. As
explained in Section 1 of the previous chanter,
the r value is the ratio of the variance be-
tween the means to the variance within the
means. If the variance within the means is
rreat, a very
means will be
cant F value.
various index
Consequently,
sirnificant.
As shown
ranges of the
larce difference between the
necessary to produce a sicnifi-
This situation applies to the
properties of this soil type.
only one of the P values is
in Plate 3 of Apoendix 1, the
expected engineering Properties
of this soil type are wide. This is especially
true of the % oassing No. 200 sieve. Further-
more, the classification of the three horizons
is scattered in the A-4, A-6 or A-7 groups of
the AASHO system and CL, OH, CH, or OL proupo
of the Unified classification. The wide range
of engineering properties of this soil can be
traced back to the profile characteristics as
they are defined by the pedologists. As indi-
cated in Plate 3 of Appendix 1 and Table 1,
this soil type is mapped over a large variety
of parent materials which differ in geological
origin. The parent materials include local
wash over loam till or outwash and loess over
loam till. Consecuently, the large variation
in engineering pronerties should be expected.
Thus we can conclude that soil typve No. 67,
Harnster silty clay loam, is not a uniform map
unit from the engineering standpoint. Never-
theless, it is still a useful unit. Since
this soil type has rather variable engineering
properties, a more detailed exploratory pro-
gram will be necessary to define its engineer-
ing properties at any given location. A library
research of the available ceological informa-
tion of the area concerned will helo the engi-
neer to determine the type of parent material
from which this soil tvye has been develooed.
Knowing the general characteristics of the
parent material, the engineer should be able to
make a better estimate of the range of the engi-
neering properties for this soil type. He can
then plan a more economical exploratory pro-
gram which will yield the necessary information
on local conditions.
In comparing the magnitude of the LL, PI
and % clay (<2u) of the three horizons it is
found that the C horizon has a much smaller
PI and per cent clay than the A and B horizons,
and the LL decreases with depth (or, from A to
C horizon). Furthermore, pedological research
has indicated that the A horizon has much more
organic carbon than the other two horizons.
The difference in PI between the A or B hori-
zon and the C horizon can be attributed di-
rectly to the difference in the per cent clay,
However, the differences in LL among the three
horizons are affected not only by the per cent
clay but also by the amount of organic carbon
present in each horizon. This observation
agrees with that reported by Odell, et al.
(16)
They found that both the LL and PI increase
rapidly with increase in per cent clay: the
LL also increases rapidly with increase in
the amount of organic carbon, while the PI is
only slightly affected by the amount of organic
carbon.
4. Sable Silty Clay Loam, No. 68
It can be seen in Table 6 that only the
mean values of the % clay (<2u) of the B hori-
zon in Cass and Livingston Counties are signifi-
cantly higher than that in Henderson County,
while the mean values of the remaining index
properties in all three horizons are not signi-
ficantly different among the three counties.
In examining the variability of the various
index properties, the degrees of variation
appear to be small. Thus, the engineering
properties of this soil type can be expected
to vary only slightly from one county to
another. In other words, it can be considered
fairly uniform.
As for the relative degree of variation
among the three horizons, the B horizon is least
variable while the C horizon is most variable.
Among the three counties, however, there are
no distinct differences in variability. The
plasticity properties of the various horizons
show slightly more variation than the grain
size characteristics.
In Plate 4 of Appendix 1, it is shown that
there are no distinct differences in the plas-
ticity and grain size characteristics among the
three horizons. In addition, the expected ranges
of all the index properties are moderately narrow.
Over 80% of all the three horizons fall into
the A-7 group of the AASHO classification and
the CL or CH groups of the Unified classification.
These facts confirm that soil No. 68, Sable silty
clay loam, is a fairly reliable map unit from
the engineering standpoint. The parent material
of this soil type is the same as soil types Nos.
50 and 65, loess.
5. Maumee Fine Sandy Loam, No. 89
A B horizon has not been developed in this
soil type, thus the second horizon sampled is
designated as (B) for convenience as discussed
in Section B of Chapter IV.
As indicated in Table 6, only the mean value
of the % clay (<20) of the C horizon in Will
County is significantly higher than that in
Iroquois County. An examination of the various
statistics listed in Appendix 3 reveals that
the variations associated with each of the means
are fairly large, especially the LL and PI of
the A and (B) horizons in Will County. A further
study of the test data contained in Appendix 2
points out that only one of the ten profiles
investigated possesses a slight degree of
plasticity in the A and (B) horizons, while the
remainder are all nonplastic. For the convenience
of data processing, zeros are assigned to both
the LL and PI for nonplastic soils. These are
the reasons why the variations of the LL and
PI of the A and (B) horizons are so large.
But, from the engineering point of view, these
variations are not significant. The relative
magnitude of the various statistics shows that
the grain size characteristics of the C hori-
zon are slightly more variable than those of
the other two horizons.
In Plate 5 of Appendix 1, the expected
ranges of LL and PI for A and (B) horizons are
listed in parentheses because nine of the ten
profiles studied are nonplastic. The expected
ranges of the grain size characteristics imply
that all the three horizons of this soil type
are composed of 0-10% of clay, 10-25% of silt
and the remainder of fine to medium sand.
Over 90% of all the three horizons fall into
the A-2-4 or A-3 classes of the AASHO system
and SM or SP groups of the Unified classifica-
tion. Thus, from the engineering standpoint,
Maumee fine sandy loam, No. 89, is a fairly
reliable map unit. The parent material of this
soil type is water-laid sand and fine sand.
6. Selma Loam, No. 125
Table 6 shows that the mean values of the
LL, PI, and % clay (<2u) of the C horizons and
per cent passing No. 200 sieve of B and C
horizons in Lawrence County are significantly
higher than those in Cass County, while the
mean values of the remaining index properties
are not significantly different between the two
counties.
Comparing the relative magnitude of vari-
ous statistics contained in Appendix 3, the
variability of all the three horizons found in
Cass County is slightly larger than that found
in Lawrence County and the C horizon is much
more variable than the other two horizons.
As indicated in Plate 6 of Appendix 1,
the expected ranges of all the index properties
of the A and B horizons are reasonably narrow
while those of the C horizons are very wide.
From the comparison of the mean values and
variability associated with the means dis-
cussed in previous paragraphs, such large
variations in the expected engineering prop-
erties of the C horizon are inevitable. The
results of classifications further confirm
the nonuniform characteristics of this soil
type. According to the Unified classification,
about 90% of the A and B horizons are classi-
fied as SC, while the C horizon is scattered
in the SM, SC, or SP-SM classes. According to
the AASHO classification, about 70% of the
A and B horizons fall in the A-6 group, and
the remainder fall in the A-2-4 group. The
C horizon classifications are about evenly
distributed among the A-2-4, A-3, and A-6
grouos. From the engineering standpoint,
Selma loam, soil type No. 125, is not a very
reliable map unit. This fact can be attributed
to the character of its parent material which
includes water-laid sediments varying from
sand to silt in texture. These two textural
groups of soils have quite different engineering
properties. It is apparent from the test data
that some clay-size material is also included.
7. Drummer Silty Clay Loam, No. 152
From the Dedological point of view, this
soil type is similar to Harnster silty clay
loam No. 67, except that Harpster silty clay
loam contains many snail shells and is alkaline
in reaction. This large amount of calcium
carbonate is important in regard to plant
growth. Primarily for this reason these two
soil types are separated by pedologists. How-
ever, from the comparisons of mean values of
the various index properties, the degree of
variation associated with the means, as well
as the ranges of the expected engineering
properties and results of classification, very
few physical differences appear to exist be-
tween Drummer silty clay loam and Haroster
silty clay loam. All that has been discussed
previously in connection with the Harpster silty
clay loam, No. 67, can be applied to this soil
type. In other words, the Drummer silty clay
loam, No. 152, is not a uniform map unit, but
is still a useful map unit for engineering
purposes. Similar to Harpster silty clay loam,
No. 67, soil type No. 152, Drummer silty clay
loam, has been mapped over a large variety of
parent materials including local wash over
loam till or outwash and loess over loam or
silty clay loam till.
8. Rowe Silty Clay to Clay, No. 230
Table 6 shows that the mean values of the
LL, PI, and per cent passing No. 10 sieve of
the B horizon and per cent passing the No. 40
sieve of the B and C horizons in Iroquois
County are significantly higher than those in
Livingston County. The significant difference
between the two mean values of the per cent
passing No. 10 sieve or per cent passing No.
40 sieve is again a result of very small
variations associated with each mean; thus, a
small difference between the two means will
produce a significant F value. From the engi-
neering aspect, these differences are not
significant.
Comparing the relative magnitude of vari-
ous statistics contained in Appendix 3, the
range of variability in index properties be-
tween the counties as well as that between the
plasticity and grain size characteristics in
all three horizons is about the same. How-
ever, the C horizon is slightly more variable
than the other two horizons.
As indicated in Plate 8 of Appendix 1,
there are no distinct differences in the
plasticity and grain size characteristics
among the three horizons. The expected ranges
of various index properties are moderately
narrow. Furthermore, the results of classifi-
cations show that over 90% of all three hori-
zons are classified as A-7-6 according to the
AASHO system and as CL or CH by the Unified
classification. All these observations indi-
cate that soil type No. 230, Rowe silty clay to
clay, is a fairly reliable map unit from the
engineering standpoint. The parent material
of this soil type is local wash on plastic
clay drift.
9. Ashkum Silty Clay Loam, No. 232
It is indicated in Table 6 that only the
mean values of the PI of the B horizon show
any significant difference. The mean values
of the remaining index properties in all three
horizons of the three counties being investi-
gated have no significant differences. Further-
more, the results of the Duncan's multiple
range test reveal that the mean PI of the B
horizon in Will County is similar to that in
both Iroquois and Livingston Counties, but the
mean PI of the B horizon in Iroquois County is
significantly higher than that in Livingston
County. An examination of the data for the
various index properties reveals that the
variations are not extreme. Thus it can be
anticipated that the engineering properties of
this soil type would be moderately uniform.
As for the relative degree of variation
among the three horizons, the plasticity
properties of the C horizon and the grain size
characteristics of the B horizon are more
variable than those of the other two horizons.
Among the three counties, there are no distinct
differences in variability.
As shown in Plate 9 of Appendix 1, the LL
of the A horizon is higher than that of the
other two horizons, while the % clay (<2u) of
the B and C horizons is larger than that of
the A horizon. The higher LL of the A horizon
must be attributed to the presence of a larger
amount of organic carbon as discussed in con-
nection with HarDster silty clay loam, No. 67.
The exnected ranges of the engineering properties
are moderately large. The results of classifi-
cation also indicate a certain amount of scat-
tering. According to the AASHO system, over
90% of the A and B horizons fall in the A-7
group, while the C horizon is evenly distributed
in the A-6 and A-7-6 grouos. Approximately 90%
of all three horizons can be classified as CL
or CH in the Unified system. Thus soil type
No. 232, Ashkum silty clay loam, can be con-
sidered as a moderately reliable map unit from
the engineering viewpoint. This fact can again
be attributed to the character of its parent
material, which is local wash on moderatel!
plastic glacial till. A certain amount of
variation in the engineering properties of
glacial till should be expected. An inspection
of the test data in Appendix 2 reveals that the
B horizon of sample No. 100 in Livingston County
is located in an isolated Docket of fine sand.
Such sand or silt pockets are common occurrences
in glacial till.
10. Hartsburg Silty Clay Loam, No. 244
Table 6 shows that none of the mean values
of the six index properties in all three hori-
zons found in Cass County is significantly
different from those found in Christian County.
This is another soil type which appears to have
practically the same engineering properties
no matter where it is mapped. In other words,
it can be considered as a reliable and uniform
engineering map unit.
In studying the magnitude of the various
statistics, it is found that the variation in
all six index properties is comparatively
small. Furthermore, there are no distinct
differences in variability between the two
counties, nor among the three horizons. How-
ever, the plasticity values of all three hori-
zons are slightly more variable than the grain
size characteristics.
Plate 10 of Appendix 1 shows that there
are no distinct differences in the plasticity
and grain size characteristics among the three
horizons and that the ranges of the exoected
engineering properties are relatively narrow.
In addition, 100% of all three horizons fall
into the A-7-6 grouo of the AASHO system and
CL or CH groups of the Unified classification.
Therefore, the oedological soil type No. 244,
Hartsburg silty clay loam, has quite uniform
engineering Properties,and it can be considered
a very reliable map unit. The parent material
of this soil tyne is the same as soil types
Nos. 50, 65, and 68, loess.
From the above discussions of each soil
type, it is apparent that some soil types have
very uniform engineering properties while some
are highly variable. Furthermore, the uni-
formity or reliability of the pedological soil
type as an engineering map unit depends largely
upon the geological origin and character of its
parent material. Those soil types with loess
as their parent material, Nos. 50, 65, 68, and
244, are very uniform in engineering prooerties;
thus they can be regarded as reliable engineering
map units. The soil types developed from glacial
drift, Nos. 230 and 232, are moderately uniform
or reliable. The engineering properties of
soil types Nos. 89 and 125, having water-laid
sediments as parent material, vary from fairly
uniform to nonuniform depending upon the variety
of water-laid sediments on which a certain soil
type is mapped by pedologists. If the soil
type is restricted to one type of water-laid
deposit such as No. 89, its engineering prop-
erties can be expected to be fairly uniform.
On the other hand, if the soil type is mapped
on mixed water-laid sediments, such as No. 125,
its engineering properties will be more variable.
Those soil tyves developed from several tyoes
of parent material, Nos. 67 and 152, are highly
variable and not reliable from the engineering
aspect. Thus it is apparent that the pedologi-
cal classification of soil types is very useful
to soils engineers. With a knowledge of pedology,
soils engineers can utilize the vast amount of
information accumulated by pedologists to make
better and more economical soil surveys, more
accurate estimates of construction costs and
also better anticipation of construction prob-
lems. In turn, more economical and better de-
signed and constructed engineering projects
will be produced.
B. COMBINING ALL TEN SOIL TYPES
The discussion in Section I of Chapter V
showed that analysis of variance can be used to
determine whether there are any significant
differences existing among several mean values.
If the results indicate that there are signifi-
cant differences, Duncan's multiple range test
can then be used to segregate those means
which differ. Also, examples were given to
illustrate the applications of these statisti-
cal methods.
Since all ten soil types included in this
investigation belong to the Humic-Gley great
soil group, it is of interest to study whether
or not they can be treated as an entity from
the engineering standpoint on the basis of the
uniformity of their various index properties.
Analysis of variance has been performed by
grouping together all the test data for each
of the six selected index properties of each
horizon. The results reveal that the mean
values of the per cent passing No. 10 sieve
and per cent passing No. 40 sieve combined by
soil type as shown in Appendix 3 are not
significantly different among the ten soil
types in all three horizons; however, there are
significant differences existing in the com-
bined mean values of LL, PI, per cent passing
No. 200 sieve and % clay (<2u). As pointed out
in Section B of Chapter IV, a B horizon has
not been developed in soil type 89; however,
two samples were obtained in its A horizon and
designated as A and (B). In general, the A
horizon of soil type No. 89 was sampled at
depths corresponding to those of the A horizons
of the other nine soil types, while the (B)
horizon depths correspond to those of the other
B horizons. Thus, from the engineering view-
point, these can be treated as equivalent.
This assumption was made in the analysis of
variance and the Duncan's multiple range test.
The 1% level Duncan's multiple range test
was then performed on the combined mean values
of the LL, PI, per cent passing No. 200, or
% clay (<2u) of each horizon. The results of
the A, B, or C horizon are summarized in Tables
7 through 9, respectively. To compare the mean
values of the four index properties of one soil
type such as No. 68 with those of the other
nine soil types, it is necessary to start verti-
cally down from the top of column 4 to the
diagonal line, then horizontally across in row
4. All those index properties listed in Tables
7 through 9 indicate the ones which are not
significantly different at the 1% level with
respect to the two soil types, while all those
not listed in the tables are the ones which
are significantly different between the two
soil types being compared. The interpretation
of these three tables can best be illustrated
by the following examples:
Example 1. Compare the mean values of the
four index properties in the A horizon be-
tween soil type Nos. 68 and 67.
From the box located in column 4, row 3 of
Table 7, it is found that three index prop-
erties, namely LL, PI, and % clay (<2p) are
listed. As explained previously, all those
index properties listed in Tables 7 through
9 indicate the ones which are not signifi-
cantly different at the 1% level between
these two soil types. In other words, in
the A horizon, 99 in 100, the mean values
of the LL, PI, and % clay (<2u) of soil
type No. 68 are not different from those
of soil type No. 67, while the mean values
of the % passing No. 200 sieve are signifi-
cantly different between these two soil types.
Example 2. Compare the mean values of the
four index properties in the A horizon be-
tween soil type Nos. 68 and 244.
From the box located in row 4, column 10 of
Table 7, it is found that all four index
properties are listed. This implies that,
99 in 100, the mean values of the LL, PI,
per cent passing No. 200 sieve, and % clay
(<20) of the A horizon are not different
between soil type Nos. 68 and 244.
Example 3. Compare the mean values of the
four index properties in the A horizon
between soil type Nos. 125 and 50.
It can be seen from the box located in column
6, row 1 of Table 7 that no index property
is given. This means that, 99 in 100, the
mean values of all four index properties in
the A horizon are different between soil
type Nos. 125 and 50.
The blank spaces in the lower left portion
of the three tables are caused by the elimina-
tion of unnecessary repetitions. For example,
the box located in column 1, row 2 would have
contained information concerning the comparison
between soil type Nos. 50 and 65, but this is
identical to that contained in the box located
in column 2, row 1, and is therefore eliminated.
It can be seen that the diagonal line passes
through all the boxes with identical column
and row numbers and that the table is symmetri-
cal about this diagonal line. In the lower
left corner of each table, the possible groupings
of soil types have been made on the basis that
the mean values of all four index properties of
each horizon concerned are not significantly
different.
The information contained in Tables 7
through 9 are then combined as shown in Table
10. For each box in Table 7, 8, or 9, with all
four index properties listed, a letter A, B,
or C is entered in the corresponding box in
Table 10. For example, from the three boxes
located in column 3, row 1 in Tables 7 through
9, only the box in Table 9 has all four index
properties listed; thus only the letter C is
entered in the box located in column 3, row 1
in Table 10. This implies that only the C
horizons of soil type Nos. 50 and 67 have non-
significant mean values for all four index
properties. As pointed out in the beginning
of this section, the mean values of the per
cent passing No. 10 sieve and No. 40 sieve in
all three horizons are not significantly dif-
ferent among the ten soil types; hence, each
letter in Table 10 actually indicates that
there are no significant differences existing
in all six index properties (LL, PI, Der cent
passing Nos. 10, 40, 200 sieves, and per cent
clay) in this horizon between the two specific
soil types. From Table 10 and on the basis that
the mean values of all six in dex properties
in the three horizons are not significantly
different, soil type Nos. 50, 65, 68, and 244
can be put into one group and soil type Nos.
67 and 152 into another group, while soil type
Nos. 89, 125, 230 and 232 remain as independent
units. The results of this grouping prove to
be most interesting. First, as discussed in
Section A-7 of this chapter,from the pedological
viewpoint, soil type Nos. 67 and 152 are similar
in many characteristics except chemical reaction:
the grouping of soil types on the basis of index
properties proves that they can also be treated
as similar map units from the engineering stand-
point. Second, for engineering purposes the
pedological soil types cannot be grouped to-
gether by using only the geological origin of
parent material; they can, however, be grouped
together by the character of parent material.
The parent material of soil type Nos. 50, 65,
68, and 244 is loess. Due to the relatively
uniform engineering properties of loess, the
various pedological soil types developed there-
from have similar engineering profile charac-
teristics since they have developed under con-
ditions where all other soil forming factors
are identical. Although both soil type Nos.
230 and 232 are found on glacial drift, they
cannot be considered as equivalent engineering
units because of the varying character of the
glacial deposits. Similarly, soil type Nos.
89 and 125 have to be treated as separate engi-
neering units because of the varying properties
of their parent material, water-laid sediments.
Thus a knowledge of geology is necessary for
every soils engineer. On the other hand, a
proficiency in the basic principles of pedology
and the pedological classification system will
greatly improve his efficiency, especially in
the field of design and construction of trans-
portation facilities.
The coefficient of variation is useful in
comparing the amount of variation to be expected
in different soil types. Table 11 compares the
variability of each soil type on the basis of
the relative magnitudes of the combined coeffi-
cients of variation for the six index properties
contained in Appendix 3. Since all three hori-
zons of soil type No. 89 and part of the C
horizons of soil type No. 125 are nonplastic,
their coefficients of variation for LL and PI
have not been compared. The rankings in Table
11 indicate that soil types developed from loess
(Nos. 50, 65, 68, and 244) are least variable,
while those developed from glacial drift (Nos.
230 and 232) are next, and those found on water-
laid sediments (Nos. 89 and 125) or mixed parent
materials (Nos. 67 and 152) are most variable.
This comparison again confirms the important
influence of the character of parent material.
In other words, parent material with uniform
engineering properties will develop into rela-
tively uniform soil tyoes, while variable
parent material will produce soil types with
erratic engineering properties.
For engineering purposes, soil type Nos.
50, 65, 68, and 244 can be considered as one
group, and soil type Nos. 67 and 152 as another.
Also, from the rankings based on the coefficient
of variation, the former group is least vari-
able while the latter group is most variable.
It is of interest to study the combined sta-
tistics of the two groups. Table 12 is a sum-
mary of the various statistics for these two
groups. In comparing the magnitude of the
corresponding standard deviations and coeffi-
cients of variation, it is obvious that the
group composed of soil type Nos. 67 and 152 is
much more variable than the group of soil type
Nos. 50, 65, 68, and 244.
Table 13 is a summary of classification for
the same two groups mentioned above. It is
apparent that the group of soil type Nos. 50,
65, 68, and 244 concentrates on a few classes,
while the group of soil type Nos. 67 and 152
spreads out in several classes. In addition,
the range of group index for the former group
(8-20) is much narrower than that of the latter
group (3-20). These observations again confirm
that the group of soil type Nos. 67 and 152 is
much more variable than the group of soil type
Nos. 50, 65, 68, and 244.
C. IMPLICATIONS OF TEST RESULTS ON ENGINEERING
SOIL SURVEY
It has been proven in the above two sec-
tions that some pedological soil types, such
as Nos. 50 and 244, have very uniform engineer-
ing properties, while others, such as soil type
Nos. 67 and 152, are quite variable. Thus the
testing of a few samples of the uniform soil
types will yield reliable information concerning
their engineering properties, but many samples
are necessary in order to obtain a reasonably
accurate estimate of the engineering properties
of the variable soil types. This fact emphasizes
the importance of pedology to highway soils
engineers, because pedology can furnish pre-
liminary information on the variability of vari-
ous soil types. With an adequate knowledge of
pedologv, highway soils engineers can profitably
abandon one of the most common practices of soil
survey for transportation facilities, which
specifies that soil borings should be made at
regular intervals. Such a practice may cause
heavy concentration of borings in the uniform
soil types, while the variable soil types are
not adequately investigated. Furthermore,
various pedological studies have indicated
that the soil types which present the more
difficult subgrade problems often occur in
relatively small areas. The practice of
making borings at regular intervals may cause
one to miss these problem areas; hence, the
pavements may be under-designed at such loca-
tions. Unforeseen problems may arise during
construction or after the comoletion of the
pavements and in turn construction and/or
maintenance costs will be increased considerably.
The present-day practice of first deter-
mining the alignment of the transportation
facility and then making a soil survey is not
desirable from the soils engineering stand-
point. Although pavements can be designed for
poor soil conditions, if the alignment is se-
lected with the soil conditions in mind, some,
if not all, of the areas with undesirable soil
conditions may often be avoided.
The results of recent research suggest
that a useful and economical soil survey for
transportation facilities can best be achieved
by the following approach:
(1) The preliminary center line of the
proposed transportation facility is first de-
termined by considering all the factors includ-
ing the general soil conditions in the area.
(2) A preliminary soil survey covering
a strip approximately one half mile wide along
the preliminary center line should then be made.
If a pedological soil survey is already avail-
able for the area, it can usually be used
directly. A knowledge of pedology with a few
borings properly located enables the soils engi-
neer to make reasonably accurate estimates of
the engineering properties of the various soil
types. In case the pedological soil survey is
too detailed and complicated, it is probably
more desirable to group several soil types
similar in engineering properties together to
form engineering units. However, not all of
the pedolopical soil surveys made by the agri-
cultural soil scientists are published. Many
pedological soil surveys were made at the
request of the individual farmers. These un-
published soil surveys, retained at the area
offices of the USDA Soil Conservation Service,
are generally accessible to soils engineers.
If no pedological soil surveys are available
in the area of the proposed transportation
facility, then a soil survey utilizing the
pedological classification system should be
made either by field methods used by agricul-
tural soil scientists or airphoto interpreta-
tion. In case the soils engineer is not
familiar with soil conditions in the area, the
local USDA Soil Conservation Service soil
scientist should be consulted first: he can
be of great assistance to the soils engineer.
It is also possible that he may conduct soil
surveys and prepare soil maps at the request
of the soils engineer.
(3) After the preliminary soil survey
is finished, the final alignment can then be
located to avoid as many areas with undesirable
soil conditions as possible, taking other align-
ment requirements into consideration.
(4) The soils engineer can then proceed to
lay out the detailed exploratory program with
special emphasis in areas of variable soil types,
poor soil conditions, deep cuts, high fills,
borrow materials, etc.
This approach is not necessarily more
expensive than the practice of making borings at
regular intervals, because many borings in rela-
tivelyv uniform soil types can be eliminated and
put to better use. moreover, a soil survey of
higher quality is insured.
D. COMPARISON WITH THE PILOT STUDY
It has been discussed in Section A of
Chapter IV that the sampling and testing of
soil samples from five sites of each soil type
in one county are based on the conclusions of
a pilot study conducted in DeWitt County,
Illinois. The pilot study consisted of a
statistical analysis of three index properties,
LL, PI, and % clay (<2u) determined on soil
samples of A and B horizons from ten profile
sites of four pedological soil types developed
in loess 5 to 8 feet thick. The results indi-
cated that by sampling and testing five profile
sites of each soil type, it may be anticipated
that the population mean index values of rela-
tively uniform soil types will fall in the
following confidence limits (at the 5% level of
significance):
sample mean LL * 4.0
sample mean PI * 4.0
sample mean % clay (<2y) ± 3.0
On the other hand, the same values for variable
soil types would be expected to fall into these
ranges:
sample mean LL * 6.5
sample mean PI * 5.5
sample mean % clay (<2u) ± 5.0
It has also been explained in Section E of
Chapter V that confidence limits = sample mean
± limit of accuracy. Thus the numerals listed
in the above ranges are actually limits of
accuracy at the 5% level of significance.
The results of this investigation indicate
that the soil types developed in loess (Nos.
50, 65, 68, and 244) are relatively uniform,
while those developed in mixed parent materials
(Nos. 67 and 152) are most variable. Thus it
is interesting to compare the limits of accuracy
of these two groups of soil types with those
found in the pilot study. Table 14 summarizes
the limits of accuracy of the two groups of
soil types extracted from Appendix 3. For each
index proDerty in a horizon, there are nine
limits of accuracy (each determined from five
sites in a county) for the group of uniform
soil types, and six for the group of variable
soil types. Their minimum, maximum and average
values are listed in Table 14.
From this table, the following observa-
tions are made:
(1) Group of relatively uniform soil
types (Nos. 50, 65, 68, and 244)
(a) The minimum values are within the ranges
for relatively uniform soil types as
reported in the pilot study.
(b) The average values roughly correspond to
the ranges for variable soil types deter-
mined by the pilot study.
(c) The maximum values exceed the ranges for
variable soil types and are more than
twice as much as the ranges for relatively
uniform soil types found by the pilot
study.
(2) Group of most variable soil types
(Nos. 67 and 152)
(a) The minimum values agree with the ranges
for variable soil types reported in the
pilot study.
(b) The average values exceed the ranges for
variable soil types determined by the
pilot study.
(c) The maximum values are twice as much as
the ranges for variable soil types found
by the pilot study.
The much larger ranges found in this in-
vestigation can be attributed to the following
conditions;
(1) The pilot study is based only on soil
types having solums developed from loessial
parent material, while this investigation
includes soil types developed from parent
materials with much more variable properties.
(2) In the pilot study only the A and B
horizons are sampled and tested, while in this
investigation the C horizon is also included.
Furthermore, it can be seen from Table 14 that
the limits of accuracy for the C horizon, oar-
ticularly in the variable soil proup, are pener-
ally greater than those for the other two horizons.
(3) The soil samples included in this
investigation are obtained from various parts
of the state of Illinois as shown in Figure 1,
while the pilot study is confined to only a
relatively small area, DeWitt County. It is
expected that more variations will exist in
the test results determined on soil samples of
the same soil type obtained from different areas.
Consequently, the results from the oilot
study cannot be applied to the variable soil
types developed from parent material other than
loess. In addition, the information contained
in Table 14 can be used to make an estimate of
the expected ranges. By sampling and testing
soil samples from five sites of each type in an
area comparable to the size of a county, it may
be anticipated that on the average the popula-
tion mean index values will be established (at
the 5% level of significance) in the following
ranges:
(1) For variable soil types
sample mean LL * 11.0
sample mean PI ± 9.0
sample mean % clay (<2u) ± 11.0
(2) For relatively uniform soil types
sample mean LL * 7.0
sample mean PI ± 7.0
sample mean % clay (<2u) * 5.5
The ranges given for the relatively uniform
soil types agree fairly well with those reported
in the pilot study, because the values in both
investigations are derived from soil types de-
veloped in loessial areas.
E. COMPARISON OF MODAL AND EXPERIMENTALLY
DETERMINED USDA TEXTURAL CLASSIFICATION
The pedological profile descriptions con-
tained in Appendix 1 are those for the so-called
model profiles of typical soil types. As
pointed out in Chapter IV, the site selection
procedure made no allowance for samnling only
typical soil types. Strictly speaking, this
investigation has studied the variability of
the map units of the indicated soil type. It
is thus of interest to compare how well the
soil map units agree with the typical soil
types. One such comparison was made on the
basis of the USDA textural classification.*
The results of comparison are summarized in
Table 15. It indicates that approximately 60%
of the samples tested fall into the textural
classification of the typical profile. More-
over, the A and B horizons have better agree-
ment than the C horizon. A detailed comparison
has been made by grouping together the ten soil
types investigated on the basis of geological
origin of the parent material.
(1) Soil type Nos. 50, 65, 68, and 244 -
loess
Textural analyses of the A, B, and C hori-
zons of this group of soil types are plotted on
Figures 5, 6, and 7, respectively. It can be
seen that all points concentrate in a relatively
small area. Since the parent material of these
four soil types is loess, a relatively uniform
material, the variations in engineering index
properties would be expected to be small. The
major portions of the A and B horizon samples
tested have the typical texture. However, only
a few of the C horizon samples are classified
*The USDA textural classification is based on
the grain size data obtained by sieve and
pipette analyses, while the data reported here
are the results of sieve and hydrometer analyses.
The hydrometer method is utilized extensively by
soils engineers whereas the pipette method is
used by agricultural soil scientists. Presently,
there is not sufficient information available to
establish what correlation may exist between
per cent clay fractions as determined by the
hydrometer and pipette methods. Some prelimi-
nary information indicates that the differences
are probably small, but that the hydrometer
analysis tends to give slightly higher clay con-
tent values. Nevertheless, these differences
may account in part for the discrepancies noted
in Table 15.
as solt loa., the tvnical texture, while the
majoritv are classified as silty clay loam by
hvyrro'eter analysis.
(2) Soil tyoe "os. 67 and 152 - nixed
oarent materials
Textural analyses of the A, B, and C hori-
zons of this group of soil types are plotted on
rigure 8, 9, and 10, respectively. In contrast
to the previous group of soils, the points
scatter considerably. As pointed out in the
previous sections, the engineering properties
of this group of soils may vary greatly, thus
they require more attention during soil explora-
tion for transportation facilities. It is be-
lieved that the variability in engineering prop-
erties will be reduced appreciably if this group
of soils can be separated on the basis of parent
materials. In order to make pedological soil
surveys more suited for engineering work, the
soil types in this group should be subdivided
according to the characters of the parent
materials.
(3) Soil type Nos. 89 and 125 - water
laid sediments
Textural analyses of the various horizons
of soil type Nos. 89 and 125 are plotted on
Figures 11 through 13. As discussed in Section
B of Chapter IV, a B horizon has not been de-
veloped in soil type No. 89 and the second
horizon sampled in this soil type is treated
as equivalent of the B horizon of other soil
types. In general, the texture by hydrometer
analysis is finer than the typical texture.
The scattering of data is more than that of
the soils derived from loess but less than that
of the soils with mixed parent materials.
(4) Soil type Nos. 230 and 232 - glacial
drift
Textural analyses of the A, B, and C hori-
zons of this group of soils are plotted on
Figures 14, 15, and 16, respectively. As
anticipated from the variable characteristics
of glacial drift, the data show some scattering.
From Figure 16 and Table 15 it seems that the C
horizon of soil type No. 232 that was sampled
has higher clay content by hydrometer analysis
than the typical texture.
VII. CONCLUSIONS
From the test results, statistical analy-
ses and preceding discussions, the following
major conclusions can be drawn:
(1) The engineering index properties of
pedological soil types determined from sampling
their corresponding map units, especially the
Humic-Gley soils, are affected to a great extent
by the geological origin and the character of
their parent material. For engineering pur-
poses, pedological soil types with similar
index properties can be grouped together. How-
ever, the grouping of pedological soil types
cannot be achieved by using the geological
origin of the parent material alone, but it
may be accomplished on the basis of the charac-
ter of parent material. In other words, all
pedological soil types developed from glacial
till cannot be expected to have similar engi-
neering index properties, but all those found
on till of silty clay loam texture may differ
only slightly in engineering index properties,
and thus can advantageously be grouped together.
Furthermore, parent material with relatively
uniform physical properties, such as loess,
will produce pedological soil types which are
uniform and also very similar from the engi-
neering standpoint; on the other hand, parent
material with variable characteristics such
as water-laid sediments, will probably produce
highly variable soil types. It was found that
the variability inherited in the uniform parent
material has been minimized considerably by the
processes of soil weathering as revealed in the
A and B horizons, referred to pedologically as
solum. However, for certain parent material
such as water-laid sediments, differences may
exist between soil layers which are denositional
in character. Thus, it cannot be stated defi-
nitely that soil weathering processes alone
have been responsible for reducing the vari-
ability of the parent material, as exemplified
by the C horizon, in oroducing more uniform
solum characteristics. Furthermore, many soil
types are derived from so-called "two-story
parent materials," such as loess over glacial
till. For these soil types, it should be
expected that the variations of the lower
horizon will differ from those of the upper
horizons.
(2) The importance of pedology to soils
engineers, especially those who are concerned
with pavement design and construction, has been
emphasized throughout this report. A knowledge
of the basic principles of pedology and the
pedoloeical classification system will enable
the soils engineer to utilize a vast amount of
valuable information accumulated by the agri-
cultural soil scientists. Moreover, it will
assist the soils engineer considerably in im-
proving the quality and economy of engineering
soil surveys, in making better estimates of
construction costs and construction problems,
and in producing economical design and construc-
tion of engineering projects.
(3) The results of this investigation
indicate that sampling and testing of five pro-
file sites of each soil type will provide esti-
mates of the population mean index properties
which will be found, on the average, within the
following ranges 95% of the time:
sample mean LL * 7.0 to * 11.0
sample mean PI * 7.0 to ± 9.0
sample mean % clay t 5.5 to * 11.0
Relatively uniform soil types should have limits
of accuracy near the lower values, while those
of variable soil types should be closer to the
higher values.
The ranges reported here are much larger
than those found in the pilot study. The
reasons for such discrePancies have been dis-
cussed in Section D of Chapter VI.
(4) From a comparison of modal and
experimentally determined USDA textural classi-
fication on the basis of sieve and hydrometer
analyses, it has been found that approximately
60% of the samples tested meet the textural
classification of the tvoical profile. However,
those soil types mapped over more than one kind
of parent material, such as soil tyne Nos. 67
and 152, show better agreement, particularly in
the C horizon. This is due to the fact that
the range of texture given for these soil types
is very broad, which in turn produces large
variations in engineering index properties. In
order to make pedological soil surveys more
suited for engineering work, it is highly
desirable that this grouo of soil types be
subdivided or delineated in accordance with the
character of the parent material.
(5) Natural soil deposits vary both in
the horizontal and vertical directions. Cus-
tomarily "engineering judgement" is used to
estimate the engineering prooerties of soils
based on a few classification tests,and the
design of transportation facilities is fre-
quently based on these estimates. On account
of the large margin of uncertainty concerning
the exact nature of surficial soils, the "engi-
neering judgement" tends to be conservative,and
consequently the design which results is often
more expensive than it should be.
Statistical methods enable the soils engi-
neer to state the probability that a soil type
or a group of soil types will have certain
definite engineering properties. In this in-
vestigation it has been shown that the results
of statistical analysis not only confirm the
estimated engineering index properties, but
also serve to further refine the estimates.
Thus, statistics can assist the soils engineer
to make more accurate estimates of engineering
index properties which, in turn, should result
in better and more economical design. Actually,
in various aspects of soil engineering research
the application of statistical methods has
been largely neglected, while in many other
fields, esDecially in biological and social
sciences, such techniques are being used exten-
sively. While it is true that many of the
statistical methods are primarily designed for
the biological or social sciences, with slight
modification these methods can easily be applied
to physical sciences and engineering. Further-
more, special statistical methods can be devised
for engineering purposes. Therefore, it is
strongly urged that soils engineers in research
and in practice familiarize themselves with
the apolication of statistical methods to their
work in order to nroduce more useful information
and better design.
VIII. REFERENCES CITED
1. W. C. Jacob and R. D. Seif, The Design and
Analysis of Biological Experiments (Depart-
ment of Agronomy Publication AC-1836),
Urbana, Illinois: University of Illinois
College of Agriculture (Not yet completed).
2. T. H. Thornburn, Surface Deposits of Illinois
(Engineering Experiment Station Circular
80), Urbana, Illinois: University of
Illinois College of Engineering, 1963.
3. W. J. Dixon and F. J. Massey, Jr., Intro-
duction to Statistical Analysis, New York:
McGraw-Hill, 2nd. ed., 1957.
4. G. W. Snedecor, Statistical Methods, Ames,
Iowa: Iowa State College Press, 5th. ed.,
1956.
5. J. C. Frye and H. B. Willman, Classification
of the Wisconsinan Stage in the Lake
Michigan Glacial Lobe, Circular 28, Illinois
State Geological Survey, 1960.
6. J. Thorp and G. D. Smith, "Higher Categories
of Soil Classification: Order, Suborder,
and Great Soil Groups," Soil Science, Vol.
67 (1949), pp. 117-126.
7. H. L. Wascher, et al, Characteristics of
Soils Associated with Glacial Tills in
Northeastern Illinois, (Agricultural Experi-
ment Station Bulletin 665) Urbana, Illinois:
University of Illinois College of Agricul-
ture, 1960.
8. T. H. Thornburn and W. R. Larsen, "A Sta-
tistical Study of Soil Sampling," Journal
of the Soil Mechanics and Foundations
Division, Proceedings of American Society
of Civil Engineers, Proceedings Paper 2210,
Vol. 85, No. SM-5 (October 1959), pp. 1-13.
9. H. L. Wascher, et al, Illinois Soil Type
Descriptions (Department of Agronomy Publi-
cation AC-1443), Urbana, Illinois: Univer-
sity of Illinois College of Agriculture,
1950.
10. F. R. Olmstead and C. M. Johnston, "Rapid
Methods for Determining Liquid Limits of
Soils," Laboratory Analysis of Soils,
Bulletin 95, Highway Research Board, 1955,
pp. 27-37.
11. Standard Specifications for Highway Materials
and Method of Sampling and Testing, Part I,
Specifications, American Association of
State Highway Officials, 8th ed., 1961,
op. 45-51.
12. Soil Survey Manual, U. S. Department of
Agriculture Handbook No. 18, 1951, pp.
205-216.
13. The Unified Soil Classification System, U. S.
Army Engineer Waterways Experiment Station
Technical Memorandum No. 3-357, 1960.
14. D. B. Duncan, "Multiple Range and Multiple
F Tests," Biometrics, Vol. 11 (1955),
op. 1-42.
15. C. Y. Kraner, "Extension of Multiple Range
Tests to Group Means with Unequal Numbers
of Replication," Biometrics, Vol. 12 (1956),
pp. 307-311.
16. R. T. Odell, T. H. Thornburn, and L. J.
McKenzie, "Relationships of Atterberg
Limits to Some Other Properties of Illinois
Soils," Proceedings, Soil Science Society
of America, Vol. 24, No. 4 (July-August,
1960), pp. 297-300.
IX. APPENDICES
1. PEDOLOGICAL PROFILE DESCRIPTION AND EXPECTED
ENGINEERING PROPERTIES AND CLASSIFICATION
The pedological profile description of each soil type is extracted from
the Illinois Soil Type Descrlptlons17 . The expected engineering properties
and classification are derived from test data by statistical methods as dis-
cussed In Section A of Chapter VI.
List of Plates
Plate No. Soil Type
1 Virden silty clay loam, No. 50
2 Illiopolls silty clay loam, No. 65
3 Harpster silty clay loam, No. 67
4 Sable silty clay loam, No. 68
5 Maumee fine sandy loam, No. 89
6 Selma loam, No. 125
7 Drummer silty clay loam, No. 152
8 Rowe silty clay to clay, No. 230
9 Ashkum silty clay loam, No. 232
10 Hartsburg silty clay loam, No. 244
Plate 1
50 Virden Silty Clay Loam
Profile Description
Very dark grayish brown silty clay loam
grading to
Grayish brown silty clay loam below 8 to
12 In.
Dark gray with dark grayish black coatings,
silty clay loam
Gray, mottled with yellowish brown, silt
loam
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (2p)
Classification:
AASHO
Group Index
USDA
Unified
Nearly level to depressional, 0 to 0.5 % slope
Loess, 5-9 ft thick, over weathered Illinolan till
Very poor
Poor
Ex ected 
En ineerin
A
37-55
12-33
99-100
99-100
96-99
24-40
A-7-6, A-6
10-18
SiCL, SIL
CL, CH, OL
B
42-60
20-39
100
98- 100
95-99
32-44
11-20
SiCL, SIC
CH, CL
x En ,r,, r ,,. 1 . ii I l C .. , m II
C
38-57
17-36
100
98-100
96-99
26-39
A-7-6, A-6
11-20
SiCLI SiL
CC, CH
Horizon
10-
20-
U
C
.E30-
a -
SI
40-
50-
60
Plate 2
65 Illiopolis Silty Clay Loam
Profile Description
Black silty clay loam
grading to
Very dark grayish brown silty clay loam
at 12 to 16 in.
Dark gray with some bright yellow and
gray mottlings, silty clay loam
Gray to grayish brown silt loam
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (20)
Classification
AASHO
Group Index
USDA
Unified
Nearly level to depresslonal, 0 to 0.5 % slope
Loess, 8-15 ft thick, over weathered Illinoian till
Very poor
Poor
Expected Engineering Properties and Classifications
A
44-63
20-38
100
99-100
97-100
30-40
A-7-6, A-7-5
11-20
SiCL
CH, CL, OH
B
52-62
31-41
100
99-100
97-99
37-44
A-7-6
18-20
SiC. SiCL
CH
C
34-55
12-35
9,7-100
95-100
94-100
22-38
A-7-6, A-6
8-19
SiCLI SIL
CL CH
Horizon
0-
10--
.20-
u -
-30-
40-
r-
50-
60-
P!ate 3
67 Harpster Silty Clay Loam
n Profile Description
Black to very dark gray clay loam or silty
clay loam
grading to
Dark gray to grayish brown clay loam to
silty clay loam below 6 to 12 in.
Dark gray, mottled with yellowish brown,
clay loam to silty clay loam
Gray loam or silt loam (occasionally silty
clay loam or sandy loam)
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Ciay (2p)
Classification
AASHO
Group Index
USDA
Unified
Nearly level to depressional, 0 to 0.5 % slope
Moderately fine local wash over outwash or loam till, or
loess over loam till
Very poor
Poor
Exoected Enaineerina Prooert'es and Class fications
A
39-68
14-34
98-100
95-100
64-100
19-42
A-7-6 A-7-5.,A-6
7-20
SiCL, CL. L,
SiC, SiL
CL OH CH, OL
30-64
I 1-38
96-100
83-100
63-100
20-45
A-7-6 A-6
8-20
SiCL, CL. SiC
Sit, L
CL, CH, ML
22-52
4-31
90-100
75-100
46-100
14-39
A-6, A-7-6, A-4
5-19
SSCL SiL,
CL, SiC, GL
CL, CH, SC
Hor i zor
I0-
2O--
30-
0.
40-
50-
60-
60-
Plate 4
68 Sable Silty Clay Loam
Profile Description
Black silty clay loam
grading to
Very dark brown silty clay loam below
12 to 16 in.
Dark gray with some yellowish gray
mottling, silty clay loam
Grayish brown to yellowish brown silt
loam
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (2•)
Classification
AASHO
Group Index
USDA
Unified
Nearly level to depressional, 0 to 0.5 % slope
Loess, 5 to 25 ft thick, on glacial drift
Very poor
Poor
Expected Engineering Properties and Classifications
A
37-63
13-33
99-100
98-100
93-100
28-43
A-7-6, A-7-5, A-6
9-20
SiCL, SiC, SiL
CL, OH, CH
B
42-56
21-34
99-100
99-100
95- 100
27-41
A7.6., A-7-5
12-19
SiCL, SiC
CH, CL, MH
C
32-53
11-32
99-100
98-100
96-99
20-40
A-7-6, A-6, A-4
8-19
SiCL. SIL
CL, CH, ML
Hor i zon
0-
10-
20-
30-
40-
50
60-
0-- -------
10-
\n
3-\
- \
-\
40- \
50-
60
Horizon
Plate 5
89 Maumee Fine Sandy Loam
Profile Description
Dark grayish brown to black fine sandy
loam to loamy fine sand
grading to
Gray (often mottled with yellow) fine sand
below 10 to 20 in.
Gray sand and fine sand. Occasional
concretionary layers; coarse sand or
gravel may be found below 4 ft.
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (21)
Classification
AASHO
Group Index
USDA
Unified
Depressional to nearly level, 0 to 0.5 % slope
Water laid sand and fine sand
Poor
Normally poor due to high water table, but it is very perme-
able and can be drained readily if the water table is lowered
Exnectad Enaineerina Pronerties and
A
NP (1-20)
NP (1-4)
99-100
93-100
17-39
4-12
A-2-4, A-4
0-1
SaL, LSa, Sa
SM
(B)
NP (1-18)
NP (1-3)
98-100
92-100
16-36
6-14
A-2-4, A-4
0-1
SaL, LSa
SM, SM-SC
Classificationn
C
NP
NP
93-100
71-100
3-29
1-12
A-2-4, A-3
0
Sa, LSa, SaL
SM, SP, SP-SM
Plate 6
125 Selma Loam
Profile Description
Dark grayish brown to black loam to sandy
clay loam
grading to
Dark gray loam below 8 to 15 in.
Light brownish gray, mottled with light
yellowish brown, loam to sandy clay loam
Gray sandy loam or sand
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (21)
Classification
AASHO
Group Index
USDA
Nearly level, 0 to I % slope
Water-laid silty and sandy sediments
Poor
Poor
Expected Engineering Properties and Classifications
26-37
9-19
99- 100
91-99
29-49
14-20
B
22-33
5-18
99-100
92-100
25-54
13-22
A-6,A-4,A-2-6,A-2-4 A-6,A-2-6, A-2-4
SaL. SaCL, L
SC SC, SM, CL
C
NP-44
NP-24
91-100
80-100
6-67
3-29
A-6,A-2-4,A-3
0-8
LSa, SaCL, Sa, L,
GLSa
SM, SC, SP-SM, CL
Horizon
0 _
10-
o20-
-
-
U
c
•-30-
--
40-
50-
60-
Unified
Plate 7
0
10-
20-
30-
40-
50-
60-
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (2p)
Classification
AASHO
Group Index
USDA
Unified
152 Drummer Silty Clay Loam
Horizon Profile Description
A Black silty clay loam to clay loam
grading to
Very dark gray silty clay loam to clay
loam below 10 to 16 in.
B Brownish gray, mottled with yellowish
brown, silty clay loam to clay loam
C Gray and yellowish brown loam, silt loam
or sandy loam (occasionally clay loam or
silty clay loam)
D Sandy and silty outwash or loam or silty
clay loam till
Nearly level to depressional, 0 to 0.5 % slope
Moderately fine local wash over outwash or loam till; or,
loess over loam or silty clay loam till
Poor to very poor
Poor
Expected Engineering Properties and Classifications
A
38-66
15-33
98-100
90-100
61-100
24-42
A-7-. A-7-5, A-6
6-19
SICL, CL, SiC,
SiL, L
CL, CH, OH
B
30-57
12-34
95-100
86-100
61-100
21-42
AZ-6., A-6, A-4
5-19
SiCL, CL,
SiC, L
CL CH
C
19-51
2-33
80-100
70-100
38-100
9-42
A-6 A-7-6. A-4
4-18
, SiCL, SaL, SiL,
CL, SiC, C
CL, ML-CL, SC, CH
Plate 8
Rowe Silty Clay to Clay
Profile Description
Dark gray to black silty clay to clay
grading to
Dark gray silty clay to clay below 6 to
10 in.
Dark gray, mottled with yellowish brown,
silty clay to clay
Gray silty clay to clay
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (20)
Classification
AASHO
Group Index
USDA
Unified
Nearly level to gently rolling, 0 to 1% slope
Fine-textured local wash on plastic clay till or lakebed
sediments
Poor
Very poor
Expected Engineering Properties and Classifications
A B C
44-59 39-58 39-58
17-30 22-37 22-37
99-100 99-100 98-100
96-100 96-100 94-100
85-98 75-99 78-100
32-48 38-57 35-63
A-7-6, A-7-5
12-20
iC., SiCL
CH, CL., ML, OL, OH
A-7-6, A-6
12-20
SiC, C, CL
CH, CL
13-20
C SiC, CL
CL, CH
230
Hor i zon
A
B
C
0-
10-
020-
C
.5 30-
40-
50-
60-
Plate 9
232 Ashkum Silty Clay Loam
Profile Description
Black silty clay loam
grading to
Very dark gray silty clay loam
below 8 to 15 in.
Brownish gray, mottled with yellowish
brown, silty clay loam to light silty clay
Brownish gray to gray silty clay loam
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (2n)
Classification
AASHO
Group Index
USDA
Unified
Nearly level to depressional, 0 to 1 % slope
Fine-textured local wash on silty clay loam till
Poor to very poor
Poor
Expected Engineering Properties and
A B
42-71 32-59
14-32 14-36
99-100 98-100
96-100 94-100
78-100 50-100
27-46 24-54
A-7-6, A-7-5
10-20
SiCL, CL, SiC, C
CL, OH, CH, OL
A-7-6, A-6
1-20
SiC, SiCL
CL, SaCL
CH, CL, SC
Classifications
C
32-55
14-36
96-100
91-100
74-100
27-54
A-7-. A-6
10-20
SiC, SiCL, CL, C
CL, CH
Horizon
A
B
C
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TABLE 2.
AREAS OCCUPTFD RY CHOEFN SOTL TYPFS IN SFIFCTFD
No. of Soil
Types Sampled
5
4
4
3
3
2
1
1
1
Total Area
of County
sq. miles
1033.11
845.00
1174.54
708.02
379.48
311.00
388.33
374.00
6326.86
Areas Occupied
by the Soil
Types Sampled
sq. miles
412.58
221.42
199.34
215.65
29.74
34.65
9.72
1.60
1124.70
Percent of Total
Area Occupied by
the Soil Types
Sampled
39.94
26.21
16.97
30.45
7.48
11 .14
2.50
0.43
17,78
* These data are taken from the corresponding agricultural county soil
reports published by the University of Illinois Agricultural Experiment
Station. Data for Jersey County are not included in this table because
they are not yet available.
COUNTT FS^
County
Livingston
Will
Iroquo i s
Christian
Cass
Menard
Henderson
Lawrence
Jersey
Total
SUMMARY OF THE
Horizon A-2-4 A-2-6
TABLE 3.
RESULTS OF AASHO CLASSIFICATION
A-4 A-6 A-7-5
(10)
1(11)
3(8-10)
1(7)
6(8-12)
3(5-8) 9(3-12)
1(9)
1 (8) 5(9-11)
8* (12-18)**
10(11-20)
9(12-20)
2(14-20) 8(11-20)
10(18-20)
7(12-19)
4(13-20) 10(10-20)
9(10-20)
3(13-19)
4(14-19) 10(12-20)
1(16) 14(12-19)
9(14-19)
50 A
B
C
65 A
B
C
67 A
B
C
68 A
B
C
89 A
(B)
C
125 A
B
C
152 A
B
C
230 A
B
C
232 A
B
C
244 A
B
C
3(6-15)
1(5) 2(8-12)
2(4) 8(3-'1)
1(12)
3(16-20) 9(12-19)
12(11-19)
5(15-18)
1(12) 9(12-20)
9(16-20)
10(13-20)
7(10-20) 8(11-18)
2(1-12) 13(15-20)
7(10-12) 8(13-20)
10(12-19)
10(16-19)
10(15-19)
* The numerals in each column
fall in this class.
indicate the numbers of test results which
** The numerals in parenthesis indicate the range of group index.
Soil
Type
No.
A-7-6
9(0)
9(0)
8(0)
7(0-6)
7(1-6)
4(4-8)
1(0)
2(0)
TABLE 4.
SUMMARY OF THE RESULTS OF USDA CLASSIFICATION
Horizon Sa* GLSa LSa GL SaL L SiL SaCL CL SiCL SiC C
50 A
B
C
65 A
C
67 A
B
C
68 A
B
C
89 A(B)
C
125 A
B
C
152 A
8
C
230 A
B
C
232 A
B
C
244 A
B
C
1
1
1 6
5 5
6
4
4
1 2
3
* Key of heading abbreviations:
C - clay or clayey
G - gravel or gravelly
L - loam or loamy Sa - sand or sandy
Si - silt or silty
** The numerals in each column indicate the numbers of
fall in this class.
test results which
Soil
Type
No.
2 1 3
TABLE 5.
SUMMARY OF THE RESULTS OF UNIFIED CLASSIFICATION
Horizon SP SP-SM SM SM-SC SC ML CL-ML CL OL MH CH OH
A
B
C
A
B
C
A
B
C
A
B
C
4
1 9
2
A 10
(8) 9
50
65
67
68
89
125 A
B 1
C 2 4
152 A
B
C
230 A
B
C
232 A
B
C
244 A
B
C
7
9
2 11
The numerals in each column indicate the numbers of test results which
fall in this class.
Soil
Type
No.
C 2 2 6
1
TABLE 6.
SUMMARY OF F VALUES OBTAINED FROM ANALYSIS OF VARIANCE
No. of
Horizon Counties
Sampled
LL PI %< #10 %< #40 %< #200 %< 2p
< 0.01
0.23
10.22*
0.05
1.96
0.86
5.31*
1.57
0.83
< 0.01
0.19
8.40*
0.23
2.13
1.28
2.23
0.92
0.76
2.41 1.12
1.20 1.29
0.57 0.16
1.00 1.00
1.00 1.00
0.00 0.00
50 A
B
C
65 A
B
C
67 A
B
C
68 A
B
C
89 A
(B)
C
125 A
B
C
152 A
8
C
230 A
B
C
232 A
B
C
244 A
B
C
1.51
2.09
14.83**'
2.19 1.24
2.37 3.78
3.56 6.10*
0.04
6.68*
1.81
0.84
4.42*
0.52
0.02
0.91
1.61
* Significant
** Significant
at the 5 per cent level.
at the 1 per cent level.
Soil
Type
No.
2.39
0.54
6.20*
2.57
4.77
2.69
0.36
0.06
1.00
0.64
0.66
3.78
2.63
1.21
0.09
2.56
0.54
1 .49
0.38
3.20
15.74**
0.15
0.74
2.77
0.33
5.69*
1.34
1.07
3.18
0.60
< 0.01
0.99
1.39
0.79
3.72
0.38
2.55
2.87
2.87
0.60
1.09
1.14
2.10
0.39
2.24
0.26
0.41
0.36
1.31
0.02
1.24
1 .45
2.21
5.55*
0.70
12.45**
5.98*
< 0.01
0.39
0.55
0.29
1.28
1.33
0.41
1.71
0.12
0.09
1.17
2.78
0.26
0.19
0.23
1.85
0.72
1.51
1.06
0.38
4.86
0.18
6.78*
17.35**
0.66
0.96
5.14*
0.03
1.77
1.47
2.02
0.70
1.10
0.08
2.13
1.34
0.32
0.41
7.65*
0.94
1 .00
0.29
1.19
1.10
0.40
3.37
5.40*
0.42
0.60
0.26
7.15*
1 .06
2.72
14.42"2
0.76
0.28
1.23
0.78
1.48
1.25
2.12
1.58
2.18
0.86
0.70
0.14
0.00
12.46**'
2.92
0.41
0.71
0.57
1.99
1.62
1.58
TABLE 7.
SUMMARY OF THE 1% LEVEL DUNCAN MULTIPLE RANGE TEST
A HORIZON
50
(1)
65(2)
LL
P
<#200
<2tp
67
(3)
68
(4)
LL
PI.
4200
LL
PI
4200
89
(5)
125
(6)
Possible groupings of soil types on
the basis that the mean values of all
the four index properties are not
significantly different at the I per cent
level:
152
(7)
LL
PI
<420oo0
<20
230
(8)
LL
PI
4200
LL
PI
4200
LL
PI
<o200
LL
PI
4200
LL
PI
4200
<214
50, 65, 68, 244
65, 68, 230, 244
67, 152, 232
152, 230, 232
89
125
232
(9)
LL
PI
<4200
<20
PI
4200
<2M
LL
PI
4200
<2p
244
(10)
LL
PI
4200
LL
Pt
4200
LL
PI
LL
PI
4200
<2p
LL
PI
4200
<2p
LL
PI
Soil
Type
No.
230
(8)
232
(9)
244
(10)
J
I
w
I kmmemmmm
M Immmemmme
imammm.....
NFNWu
TABLE 8.
SUMMARY OF THE 1% LEVEL DUNCAN MULTIPLE RANGE TEST
B HORIZON'
50
(0)
65
(2)
LL
P
<#200
<2p
67
(3)
68
(4)
LL
PI
<#200
<24i
LL
PI
<#200
<21A
89
(5)
125
(6)
Possible groupings of soil types on
the basis that the mean values of all
the four Index properties are not
significantly different at the I per cent
level:
152
(7)
LL
PI
<4200
50, 65, 68, 232, 244
67, 152
152, 232
89
125
230
230
(8)
LL
PI
4<200
LL
PI
<#200
LL
PI
<#200
LL
PI
4«200
LL
PI
<#200
N
232
(9)
LL
Pl
4200
<2z4
LL
PI
4200
<2p
LL
PI
<#200
LL
Pl
<#200
<21i
LL
PI
<#200
<29
LL
PI
<4200
244(10)
LL
PI
<#200
<2p
LL
PI
<#200
<2p
LL
PI
<#200
<2V
LL
PI
<#200
LL
PI
<200
<2p
* For soil type No. 89, this is the (8) horizon.
Soil
Type
No.
50
(1)
232
(9)
244
(10)
i
I
TABLE 9.
SUMMARY OF THE 1% LEVEL DUNCAN MULTIPLE RANGE TEST
C HORIZON
65
(2)
LL
PJ
4200
<2p
67
(3)
LL
PI
<#200
<2P
LL
PI
<4#200
68
(4)
LL
PI
<#200
<2p
LL
PI
<#200
<2&
LL
PI
(200
<21A
89
(5)
125
(6)
LL
PI
4200
<21
Possible groupings of soil types on
the basis that the mean values of all
the four index properties are not
significantly different at the I per cent
level:
152
(7)
LL
PI
<#200
<24
LL
PI
4200
<2.P
LL
PI
<#200
<2p
LL
P1
<#200
<24
230
(8)
LL
- PI
<#200
LL
PI
<#200
LL
PI
<#200
LL
PI
<#200
LL
PI
<#200o
50, 65, 67, 68, 152, 244
50, 65, 68, 232, 244
89, 125
230, 232
232
(9)
LL
PI
4#200
<2P
LL
PI
<#200
<2p
LL
PI
<#200
LL
PI
<#200
<2V
LL
PI
q#200
LL
PI
4(200
<2v
244
(0o)
LL
PI
4*200
<l2p
LL
PI
<#200
LL
PI
<#200
<2p
LL
PI
<4#200
<2p
LL
P!
<#200
<21
LL
PI
<#200
LL
PI
<#200
<2p
50
(1)
Soil
Type
No.
230
(8)
232
(9)
244
(10)
P-**===
I
TABLE 10.
SUMMARY OF THE 1% LEVEL DUNCAN MULTIPLE RANGE TEST
A, B, AND C HORIZONS COMBINED
Po!
the
i n<
ar<
I ;
TABLE 11.
RANK IN VARIATION AS MEASURED BY COEFFICIENT OF VARIATION"
Soil I
Type
Hor i zon No.
A 50
65
67
68
89
125
152
230
232
244
B** 50
65
67
68
89
125
152
230
232
244
Index Properties
LL PI <No. 10 < No. 40
* No. I least variable, No. 10 most variable.
** For soil type No. 89, this is the (B) horizon.
< No. 200 < 2p
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TABLE 15.
COMPARISON OF USDA TEXTURAL CLASSIFICATION
No. of Per Cent
Total Test of Test
Soil No. of Results** Results**
Type Hor- Typical Texture* Samples with with
No. izon Tested Typical Typical
Texture Texture
50 A silty clay loam 10 8 80
B silty clay loam 10 8 80
C silt loam 10 1 10
65 A silty clay loam 10 10 100
B silty clay loam 10 4 40
C silt loam 10 2 20
67 A clay loam to silty clay loam 15 9 60
B clay loam to silty clay loam 15 8 53
C loam or silt loam 15 12 80
(occasionally silty clay loam or
sandy loam)
68 A silty clay loam 15 12 80
B silty clay loam 15 13 87
C silt loam 15 4 27
89 A fine sandy loam to loamy fine sand 10 9 90
(B) fine sand 10 0 0
C sand and fine sand 10 5 50
125 A loam to sandy clay loam 10 0 0
B loam to sandy clay loam 10 3 30
C sandy loam or sand 10 6 60
152 A silty clay loam to clay loam 15 11 73
B silty clay loam to clay loam 15 12 80
C loam, silt loam, or sandy loam 15 13 87
(occasionally clay loam or silty
clay loam)
230 A silty clay to clay 10 5 50
B silty clay to clay 10 9 90
C silty clay to clay 10 9 90
232 A silty clay loam 15 6 40
B silty clay loam to light silty clay 15 12 80
C silty clay loam 15 5 33
244 A silty clay loam 10 9 90
B silty clay loam 10 9 90
C silt loam 10 0 0
Totals A 120 79 66
B 120 78 65
C 120 57 48
Grand Total 360 214 59
* As described in Illinois Soil Type Descriptions
(9 )
** On the basis of hydrometer analysis



Plate 10
Hartsburg Silty Clay Loam
Profile Description
Very dark grayish brown to grayish black
silty clay loam
grading to
Dark gray to grayish brown silty clay loam
below 8 to 12 in.
Dark gray, mottled with some yellowish
brown, silty clay loam
Gray to grayish brown silt loam
Topography
Parent Material
Surface Drainage
Internal Drainage
Horizon
LL %
PI %
% Pass No. 10
% Pass No. 40
% Pass No. 200
% Clay (24)
Classification
AASHO
Group Index
USDA
Nearly
Loess,
Poor
Poor
level to depressional, 0 to
5 to 25 ft thick
Fxnect~d Enaineerinci Pronerties and
46-58
21-33
99-100
98-100
95-100
34-40
A-7-6
12-19
SiCL, SiC
B
48-58
26-37
98-100
96-100
95-100
35-42
A-7-6
16-19
SiCL, SiC
0.5 % slope
alC ss i 
f i cat 
iony
C
44-53
23-32
93-100
91-100
89-100
30-40
15-19
SiCL, SiC
CH, CL CH, CL
244
Horizon
A
B
C
0-
10-
20-
-c
c
.C30
40-
50-
60-
Exnecte En in ..n Pr.ri- an
Unified CL, CH
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